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SOME  CHEMICAL  BLOOD  OBSERVATIONS  IN 
UROLOGIC  CASESi 

By  J.  BENTLEY  SQUIER  and  VICTOR  C.  MYERS 

From  the  Urological  Department  and  the  Laboratory  of  Pathological  Chemistry,  New 
York  Post-Graduate  Medical  School  and  Hospital 

The  advances  which  have  been  made  during  the  past  five 
years  in  our  knowledge  of  the  non-protein  blood  constituents, 
have  already  been  found  of  great  value  by  the  internist  in  the 
diagnosis  and  treatment  of  both  nephritis  and  diabetes.  The 
general  surgeon  not  infrequently  finds  it  necessary  to  operate 
upon  patients  while  suffering  from  these  conditions  and  such 
diagnostic  and  prognostic  information  as  the  blood  tests  afford, 
is  of  the  greatest  service  in  giving  him  an  insight  into  the  surgical 
risk  of  an  operation.  To  the  urological  surgeon  who  may  be 
called  upon  to  perform  a  prostatectomy,  nephrectomy  or  nephrot- 
omy, make  a  decapsulation,  etc.,  the  prognostic  information 
which  the  blood  urea  or  creatinine  will  give  regarding  the  func- 
tional activity  of  the  kidneys,  would  seem  quite  indispensable 
at  the  present  time. 

Before  entering  into  a  discussion  of  this  question,  it  may  be 
of  interest  to  recount  the  more  salient  facts  which  have  been 
ascertained  regarding  the  changes  which  occur  in  the  blood  as 
the  result  of  impaired  kidney  activity,  particularly  in  comparison 
with  the  results  of  the  slightly  less  recent  phthalein  test.  This 
'latter  test,  introduced  by  Rowntree  and  Geraghty  (1)  in  1910, 
not  only  supplied  us  with  a  most  valuable  diagnostic  and  prog- 
nostic test,  but  furnished  the  impetus  in  this  country  to  numerous 
investigations  on  the  functional  activity  of  the  kidney.  With 
the  introduction,  three  years  later,  of  simple  methods  of  blood 
analysis,  especially  at  the  hands  of  Folin  and  his  co-workers,  the 

^  This  paper  was  read  before  the  Section  on  Genito-Urinary  Surgery  of  the 
New  York  Academy  of  Medicine  on  December  19,  1917. 
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possibilities  of  these  new  methods  as  practical  diagnostic  tests 
were  quickly  appreciated.  The  Uterature  dealing  with  the  func- 
tional kidney  tests,  including  the  chemical  blood  tests,  has  been 
so  frequently  discussed  during  the  past  few  years  that  a  review 
of  the  Uterature  hardly  appears  appropriate  at  the  present  time. 

It  may  be  well  at  the  outset,  however,  to  outline  the  general 
scheme  which  we  have  followed  in  the  chemical  examination  of 
the  blood.  The  tests  employed  cover  the  ability  of  the  kidneys 
to  eliminate  the  nitrogenous  waste  products  and  the  possibili- 
ties of  hyperglycemia  and  acidosis.  This  would  appear  to  be  a 
sufficiently  comprehensive  scheme  to  answer  the  questions  which 
usually  arise  in  the  types  of  cases  considered.  No  doubt  it 
may  be  possible  to  arrive  at  similar  conclusions  with  other  modes 
of  attack,  but  the  present  method  has  been  found  satisfactory. 

In  cases  where  it  is  desired  to  ascertain  the  ability  of  the  kid- 
neys to  excrete  the  nitrogenous  waste  products,  determinations 
are  made  of  the  urea,  creatinine  and  in  some  cases  of  the  uric  acid. 
The  normal  blood  content  of  these  three  end  products  of  nitrog- 
enous metabolism  may  be  given  as  12  to  15  mgm.  of  urea  nitro- 
gen, 1  to  2  mgm.  of  creatinine  and  2  to  3  mgm.  of  uric  acid,  all 
calculated  per  100  cc.  of  blood  (2).  There  would  appear  to  be 
little  doubt  that  the  very  early  cases  of  interstitial  nephritis  are 
accompanied  by  an  appreciable  rise  in  the  blood  uric  acid,  al- 
though a  rise  in  the  blood  urea  can  probably  be  taken  as  a  safer 
sign  of  impaired  kidney  function.  It  is  certainly  true  that  the 
urea  nitrogen  falls  within  very  narrow  limits  for  perfectly  nor- 
mal individuals.  As  soon  as  one  passes  to  hospital  patients, 
however,  figures  above  15  are  found.  Figures  over  20  on  the 
usual  restricted  protein  diet  of  the  hospital  would  suggest  im- 
paired kidney  function.  Creatinine  appears  to  be  more  readily 
eliminated  than  either  uric  acid  or  urea,  and  it  is  not,  as  a  rule, 
until  the  blood  urea  has  doubled,  or  more  than  doubled  the  nor- 
mal, that  there  is  a  very  appreciable  increase  in  this  pureh' 
endogenous  waste  product  derived  apparently  from  muscular 
metabolism.  As  pointed  out  above,  the  normal  for  the  creatinine 
of  the  blood  is  approximately  1  to  2  mgm.  per  100  cc.  and  a 
figure  as  high  as  3.5  mgm.  can  be  viewed  with  very  gra^'e  conc^ern. 
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while  figures  over  5  mgm.  are  almost  invariablj'  indicative  of  an 
early  fatal  termination  (3) .  Obviously  cases  of  this  kind,  i.e.,  with 
over  3.5  mgm.  creatinine  per  100  cc.  of  blood,  are  verj-  poor  sur- 
gical risks.  The  only  possible  exceptions  might  be  cases  where 
the  retention  was  due  to  some  acute  renal  condition. 

In  comparing  the  creatinine  and  urea  of  the  blood  in  cases 
which  already  give  some  e\ddence  of  renal  insufficiency,  it  may  be 
noted  that  the  creatinine,  being  almost  exclusively  of  endogenous 
origin,  is  less  influenced  by  the  intake  of  protein  than  urea  and 
constitutes  a  most  satisfactory  criterion  as  to  the  deficiency  of  the 
kidneys,  while  urea,  being  largely  exogenous  in  origin,  is  more 
readily  influenced  by  dietary  changes  and  constitutes  a  most 
sensitive  index  of  the  response  to  treatment. 

Some  workers  have  endeavored  to  obtain  more  definite  infor- 
mation than  the  blood  alone  will  give  regarding  the  ability  of  the 
kidneys  to  excrete  urea,  by  comparing  the  urinary  excretion  with 
the  concentration  in  the  blood.  Attention  has  been  given  to  this 
particularly  bj^  Ambard  (4)  and  McLean  (5)  who  have  worked 
out  formulae  to  express  this  relationship.  Our  own  experience 
with  this  method  has  been  disappointing  in  that  the  results  have 
failed  to  reveal  any  added  information  not  given  by  the  blood 
alone  (6).  We  have  long  felt  what  Folin  (7)  has  recently  stated, 
viz.. 

The  complicated  mathematical  formulas  introduced  in  connection 
with  the  Ambard  coefficient  do  not  tend  to  increase  one's  confidence 
in  that  coefficient.  It  is  difficult  tp  see  how  square  roots  and  cube 
roots  can  help  to  elucidate  such  a  simple  metabolism  proposition. 

The  inabihty  to  properly  excrete  the  waste  products  of  nitrog- 
enous metaboHsm  is  only  one  of  the  difficulties  which  arise  as 
the  result  of  renal  disease.  As  is  well  known,  in  chronic  paren- 
chjTnatous  nephritis,  or  nephrosis,  the  edema  is  probably  depen- 
dent, in  part  at  least,  on  the  lowered  permeability  of  the  kidneys 
for  chlorides  with  their  consequent  retention.  It  is  natural 
therefore  to  expect  that  the  excretion  of .  other  salts  should 
be  deficient,  although  we  have  only  recentlj'  come  to  appreciate 
the  effect  of  the  retention  of  phosphates  (8).     Normally  acid 
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phosphate  provides  one  of  the  most  important  mechanisms  of 
ehminating  acid.  When  the  phosphate  excretion  is  impaired; 
bringing  about  an  increase  in  the  (acid)  phosphate  of  the  blood 
(and  tissues),  an  acidosis  results.  This  retention  of  acid  phos- 
phate reduces  the  ability  of  the  blood  to  take  up  and  carry- 
away  carbon  dioxide,  or  in  other  words  lowers  its  CO 2  combining 
power.  With  the  simple  apparatus  recently  devised  by  Van , 
Slyke  the  determination  of  the  CO 2  combining  power  of  the 
blood  is  very  simple  and  would  seem  to  provide  the  most  satis- 
factory method  of  any  we  possess  for  ascertaining  the  degree  of 
acidosis.  Because  of  the  well  known  influence  of  anesthetics, 
such  as  chloroform  and  ether  upon  acidosis,  the  CO2  combining 
power  of  the  blood  constitutes  a  very  valuable  pre-operative 
test  in  certain  cases. 

It  has  frequently  been  noted  that  patients  suffering  from 
renal  disease  show  blood  sugars  which  are  above  the  normal 
limits.  A  satisfactory  explanation  for  this  slight  hyperglycemia 
has  only  recently  been  offered  (9).  The  blood  of  such  cases 
exhibits  a  correspondingly  high  diastatic  activity,  and  since  it 
has  long  been  recognized  that  the  diastase  excretion  of  these 
cases  is  lowered,  this  would  serve  to  explain  the  increased  dia- 
static activity  of  the  blood  and  in  turn  of  the  increased  blood  sugar. 

The  importance  of  the  chemical  examination  of  the  blood  in 
diabetes  is  coming  to  be  appreciated  more  and  more.  The  excre- 
tion of  sugar  by  the  kidneys  is  simply  one  of  the  body's  many 
factors  of  safety.  The  condition  to  which  attention  should  be 
directed  is  the  hyperglycemia,*  and  as  the  disease  advances  the 
glycosuria  becomes  less  and  less  a  safe  criterion  of  this,  since  the 
permeability  of  the  kidneys  for  sugar  appears  to  be  gradually 
lowered.  Normally  the  blood  sugar  varies  from  0.09  to  0.12 
per  cent  and  in  early  cases  of  diabetes  one  may  note  an  excretion 
of  sugar  when  the  sugar  of  the  blood  rises  above  0.16  or  0.17  per 
cent,  but  in  advanced  cases  blood  sugar  figures  of  0.2  to  0.3  per 
cent  (and  even  0.46  per  cent)  may  be  noted  without  the  ap- 
pearance of  any  sugar  in  the  urine  (10).  The  diastatic  activity 
of  the  blood,  noted  above  in  connection  with  the  hyperglycemia 
of  nephritis,  is  found  to  be  proportional  to  the  blood  sugar  in 
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untreated  cases,  and  would  appear  to  be  the  blood  sugar  deter- 
minant. 'No  explanation  has  as  yet  been  found,  however,  for  the 
rise  in  the  diastatic  activity  of  the  blood. 

The  possibility  of  a  patient  being  thrown  into  an  acidosis 
coma  as  the  result  of  operative  anesthesia  is  much  more  impor- 
tant in  diabetes  than  in  nephritis.  The  value  of  a  pre-operative 
determination  of  the  CO2  combining  power  of  the  blood  has  al- 
ready been  pointed  out  in  the  case  of  nephritis.  Practical  experi- 
ence has  shown  that  diabetic  patients  with  low  CO2  combining 
power  rarely  survive  operative  procedures  requiring  a  general 
anesthetic. 

As  a  control  test  of  another  type  the  phenolsulphonephthalein 
test  has  been  employed  in  many  of  the  cases.  WTien  proper 
precautions  are  taken  to  secure  an  accurate  collection  of  urine 
(catheter),  our  observations  abundantly  confirm  the  reliability 
of  this  test.  They  have  also  demonstrated  the  necessity  of 
these  precautions,  however,  and  it  is  partially  on  this  account 
that  we  believe  greater  dependence  can  be  placed  on  the  results 
of  blood  analyses. 

Obviously  when  it  is  desired  to  ascertain  the  activity  of  the 
kidneys  individually,  blood  analyses  are  of  little  value,  except 
in  so  far  as  they  may  indicate  that  both  kidneys  are  involved 
or  not  and  thus  aid  in  determining  the  operative  risk.  To  de- 
termine the  comparative  functional  ability  of  the  two  kidneys, 
it  would  appear  necessary  to  resort  to  catheterization  of  the 
ureters.  The  output  of  phenolsulphonephthalein  or  indigo- 
carmine  after  the  administration  of  these  drugs  or  the  excretion 
of  urea  may  be  compared.  KrotoszjTner  and  Stevens  (11)  are 
strong  advocates  of  the  phlorhizin  test  forjthis  purpose. 

METHODS  OF  BLOOD  ANALYSIS 

It  has  been  our  custom,  whenever  possible,  to  secure  the  blood 
specimens  after  a  twelve  to  fifteen  hour  fast,  i.e.,  in  the  morn- 
ing before  breakfast.  It  is  believed  that  in  this  way  the  pos- 
sible influence  of  dietarj'  factors  is  reduced  to  a  minimum. 
About  20  to  25  cc.  of  blood  are  drawn  into  a  bottle  containing 
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the  dried  residue  of  6  to  8  drops  of  20  per  cent  potassium  oxalate 
to  prevent  clotting.  The  various  blood  analyses  were  carried 
out  as  follows  :- 

Urea.  By  a  modified  Marshall- Van  Slyke  method,  essen- 
tially as  described  by  Myers  and  Fine  (2) .  The  enzyme  used  is 
that  derived  from  the  jack  bean.  The  Nessler's  solution  em- 
ployed at  present  is  from  a  very  satisfactory  formula  furnished 
us  by  Drs.  Benedict  and  Bock,  which  contains  100  grams  of 
mercuric  iodide,  70  grams  of  potassium  iodide  and  200  grams 
of  sodium  hydroxide  per  liter  of  solution. 

Creatinine.  By  a  modified  Folin  technique  carried  out  as 
previously  described  (2). 

Uric  acid.  By  a  modification  of  the  Folin  and  Denis-Benedict 
method  as  already  described  (2). 

Sugar.  By  the  method  of  Lewis  and  Benedict  as  modified  by 
Myers  and  Bailey  (10). 

CO2  combining  power.  By  the  method  of  Van  Slyke  and 
Cullen  (12). 

DISCUSSION  OF  CASES 

Observations  are  reported  on  75  cases  divided  as  follows:  58 
cases  with  prostatic  obstruction,  7  nephrectomy  cases,  one 
double  decapsulation  in  a  case  of  bichloride  poisoning  and  9 
miscellaneous  urologic  cases.  Data  have  been  collected  on  these 
cases  for  the  past  three  years.  Although  the  present  series  of 
cases  includes  only  those  in  which  it  was  found  possible  or  desir- 
able to  make  blood  Analyses,  none  of  the  cases  in  which  such 
examinations  were  made  has  been  deleted  from  the  series  reported 
for  any  reason  what^ever.  Most  of  these  cases  were  on  the 
surgical  service  of  one  of  us  (J.  B.  S.),  but  a  few  other  cases  have 
been  included  through  the  courtesy  of  colleagues.  To  one  of 
these,  Dr.  Clarence  G.  Bandler,  we  are  further  indebted  for  aid 
in  the  preparation  of  the  records  of  these  cases. 

2  In  conducting  the  colorimetric  analyses  the  Duboscq  and  Hellige  colorimeters 
have  been  employed,  generally  the  former.  It  is  perhaps  worthy  of  note  that 
recent  experience  with  the  American  made  (Kober)  colorimeter  of  the  Klett  Co. 
has  shown  this  instrument  to  be  even  superior  in  some  respects  to  the  Duboscq. 
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In  a  paper  (13)  which  was  read  by  one  of  us  (J.  B.  S.)  on  the 
post-operative  and  convalescent  period  of  prostatectomy  more 
than  a  year  ago,  attention  was  called  to  the  value  of  chemical 
blood  determinations  in  preventing  post-operative  complica- 
tions. Up  to  the  present,  however,  the  observations  on  the 
individual  cases  have  not  been  repKDrted. 

The  data  on  the  cases  of  prostatic  obstruction  are  recorded 
in  table  1.  From  an  inspection  of  this  table  it  is  apparent  that 
individuals  with  prostatic  obstruction  exhibit  higher  figures  for 
the  urea  nitrogen  of  the  blood  than  the  average  run  of  hospital 
cases.  It  will  be  observed,  however,  that  in  the  first  group  of 
operative  cases  with  recovery  (cases  1  to  39),  the  majority  of  the 
urea  nitrogen  figures  are  below  20  mgm.  per  100  cc.  of  blood, 
which  stands  quite  in  contrast  with  the  fatal  cases  in  the  last 
group  (cases  55  to  58).  In  several  instances  in  the  first  group 
of  cases  (1,  3,  11  and  15),  it  will  be  noted  that  the  urea  nitrogen 
figures  are  close  to  30  mgm.  per  100  cc.  of  blood.  As  indicated 
by  the  date  of  the  operation  in  these  cases,  they  were  not  oper- 
ated upon  until  after  preliminary  treatment,  intended  to  relieve 
the  nitrogen  retention,  had  been  carried  out  for  some  time.  Un- 
fortunately, with  the  exception  of  case  3,  we  have  no  observa- 
tions in  this  group  of  cases  showing  the  improvement  in  the 
blood  picture  as  a  result  of  the  preliminary  treatment.  As  will 
be  noted  in  the  table,  the  urea  estimation  in  case  30  was  not 
made  until  a  w^eek  after  the  operation  and  then,  apparently,  be- 
cause the  patient  was  not  doing  well. 

The  second  group  contains  five  cases  in  which  no  operation 
for  the  relief  of  the  prostatic  obstruction  was  performed.  In  the 
first  two  of  these  cases  (40  and  41),  the  blood  analyses  indicated 
a  perfectly  good  risk,  but  here  operation  was  not  deemed  exp>e- 
dient  on  account  of  hernia.  In  the  remaining  three  cases  opera- 
tion was  contra-indicated  by  the  blood  analyses  and  also  by  the 
clinical  symptoms.  All  three  cases  died.  In  case  42  the  pre- 
liminary treatment  was  without  influence  on  the  blood  picture. 
Case  43  suffered  also  from  diabetes,  as  shown  by  the  blood 
sugar.  Judging  from  the  C02-combining  power  of  the  blood, 
the  acidosis  was  not  marked,  still  the  patient  died  in  coma  four 
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days  later.  Case  44  shows  the  typical  blood  picture  of  terminal 
chronic  interstitial  nephritis.  Cystotomy  was  performed  here 
simply  with  the  idea  of  giving  the  patient  temporary  relief. 

In  the  third  group  (cases  40  to  54),  one  case  died  from  gastric 
dilatation,  five  cases  died  from  pneumonia,  two  from  hemorrhage, 
one  from  parenchymatous  nephritis,  and  one  from  circulatory 
failure.  The  blood  analyses  indicated  the  first  nine  of  these  ten 
cases  to  be  good  operative  risks.  The  high  figure  for  urea  nitro- 
gen found  in  the  second  blood  analysis  of  case  45  was  obtained 
two  days  preceding  the  death  from  pneumonia.  Case  53  de- 
veloped chronic  parenchymatous  nephritis  sometime  after  op- 
eration and  at  the  time  of  death,  about  five  weeks  later,  showed 
considerable  retention  of  urea  and  quite  marked  acidosis  (CO2- 
coinbining  power  of  37).  The  blood  creatinine  was  not  espe- 
cially affected,  a  finding  quite  in  harmony  with  the  observations 
we  have  made  in  other  cases  of  parenchymatous  nephritis. 
Judging  from  both  the  urea  and  creatinine  findings,  case  54  was 
a  poor  risk  at  the  outset.  A  week  of  preliminary  treatment  pro- 
duced little  change  in  the  urea  (a  drop  from  53  to  48),  although 
the  drop  in  the  creatinine  was  more  marked.  The  fact  that  the 
patient  had  continued  to  remain  in  the  hospital  is  significant  of 
his  condition. 

In  the  fourth  group,  the  outcome  of  the  four  fatal  cases  was  in 
complete  accord  with  the  results  of  the  blood  analyses.  In  the 
light  of  the  chemical  blood  analyses,  all  four  cases  were  obviously 
poor  surgical  risks.  Case  55  was  originally  a  ward  case  of  one  of 
us  (J.  B.  S.).  On  account  of  the  blood  findings,  an  operation  was 
regarded  as  contra-indicated.  At  the  request  of  one  of  our  col- 
leagues, the  case  was  turned  over  to  him  and  the  operation  per- 
formed under  spinal  anesthetic,  owing  to  the  low  COo-combining 
power  of  the  blood  and  the  high  urea.  It  is  interesting  to  note 
that  the  patient  died  a  week  later  with  a  blood  picture  typical  of 
chronic  interstitial  nephritis.  Case  56  showed  some  improve- 
ment as  a  result  of  the  preliminary  treatment,  the  urea  nitrogen 
of  the  blood  dropping  from  38  to  29  mgm.  following  the  first 
week's  treatment.  After  another  week  of  treatment,  a  prosta- 
tectomy was  performed  under  gas  and  oxygen  anesthesia.     The 
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patient  died  on  the  following  day.  The  result  with  the  two  re- 
maining cases  was  similar.  Judging  from  these  four  cases,  urea 
nitrogen  figures  of  30  mgm.  or  over  are  a  very  bad  pre-operative 
sign  in  prostate  obstruction. 

An  interesting  observation  of  problematic  influence  upon  the 
cause  of  death,  is  that  all  the  cases  of  this  group  who  had  chloro- 
form anaesthesia  died. 

Chemical  blood  observations  on  seven  nephrectomy  cases  are 
recorded  in  table  2.  These  data  appear  to  present  less  of  interest 
than  the  prostate  cases.  All  cases  in  this  series  recovered  except 
the  last.  Four  of  the  six  cases  with  recovery  show  quite  normal 
figures  for  urea  nitrogen,  but  in  cases  1  and  3  the  figures  are 
rather  high,  33  and  29.  It  is  of  interest  to  note  that  the  phthal- 
eins  in  these  cases  were  31  and  33  respectively,  in  perfect  har- 
mony with  the  blood  findings.  Why  the  activity  of  the  kidneys, 
as  a  whole,  should  have  been  affected  more  in  these  two  cases 
than  the  other  four  is  difficult  to  explain,  although  the  infective 
nature  of  the  condition  may  have  been  the  cause  in  the  first  case. 
The  blood  findings  in  the  last  case  are  of  interest  only  in  so  far 
as  they  illustrate  the  blood  picture  just  before  death  from 
nephritis.  Unfortunately,  no  blood  analyses  were  made  in  this 
case  until  nine  days  after  operation. 

Table  3  presents  data  on  nine  miscellaneous  cases,  seven  of 
which  came  to  operation.  The  last  two  cases  were  not  operated 
upon,  in  part,  because  of  the  advanced  renal  disease  which 
existed,  as  shown  by  the  blood  analyses.  It  is  of  interest  to 
note  in  comparison  with  case  1  of  the  preceding  table,  that  case 
1  in  this  series,  with  a  septic  kidney,  likewise  showed  a  high  urea 
nitrogen  (28  mgm.).  Comparatively  normal  figures  were  found 
in  the  next  five  cases.  The  low  phthaleins  in  cases  4  and  5  only 
admit  of  partial  explanation.  In  case  4  the  excretion  of  urine 
during  the  test  was  poor,  while  in  case  5,  although  the  output 
of  urine  was  excellent,  there  appeared  to  be  a  delay  in  the  excre- 
tion of  the  dye.  Case  5  was  a  diabetic  with  a  blood  sugar  of 
0.39  per  cent,  but  it  is  interesting  to  note  that  a  C02-combining 
power  of  60  indicated  an  absence  of  acidosis.  Case  7  appears 
to  be  quite  an  unusual  one.     This  patient,  a  physician,  with  a 
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polycystic  kidney,  a  urea  nitrogen  of  75  and  a  creatinine  of  8.3 
mgm.,  showed  considerable  improvement  after  the  cysts  were 
incised  and  is  still  improved,  nearly  a  year  after  the  operation. 
This  would  lead  one  to  believe  that  the  blood  creatinine  did  not 
possess  the  same  prognostic  value  in  cases  of  this  type  as  in 
chronic  interstitial  nephritis.^  In  this  connection  it  is  interest- 
ing to  note  that  Campbell  (14)  has  called  attention  to  a  case  of 
bichloride  poisoning  that  gave  a  blood  creatinine  of  12.5  mgm. 
with  ultimate  recovery.  By  way  of  contrast  to  the  other  cases 
in  the  series,  the  findings  in  the  last  two  cases  may  be  noted  as 
typical  of  the  last  stages  of  nephritis. 

W.  F.,  a  case  of  bichloride  poisoning  in  which  the  kidneys 
were  decapsulated,  presents  some  very  interesting  information. 
This  case  showed  a  very  pronounced  retention  of  all  the  non- 
protein nitrogenous  constituents,  the  figures  for  non-protein  nitro- 
gen, urea,  uric  acid  and  creatinine  being  decidedly  higher  than  in 
any  case  reported  by  others  (15).  No  urine  was  passed  for  the 
first  five  days  and  no  appreciable  amounts  for  the  first  ten  days. 
After  decapsulation  of  the  kidneys  on  the  sixth  day  the  renal 
activity  appeared  to  improve,  and  at  one  time  it  had  sufficiently 
recovered  to  cause  a  reduction  in  the  concentration  of  the  creat- 
inine from  33.3  to  14.8  mgm.  per  100  cc. ;  but  with  the  decline  of  the 
patient,  the  kidneys  became  less  active  and  the  creatinine  again 
increased.  The  quite  favorable  output  of  total  nitrogen  was 
insufficient  at  any  time,  however,  to  reduce  materially  the  non- 
protein and  urea  nitrogen  of  the  blood,  despite  the  favorable  in- 
fluence on  the  uric  acid  and  creatinine.  Although  the  highest 
concentration  of  uric  acid  and  creatinine,  as  well  as  very  high 
figures  for  non-protein  and  urea  nitrogen,  were  found  on  No- 
vember 20,  uremic  symptoms  did  not  develop  until  a  week  later. 
This  is  in  harmony  with  the  current  view  that  uremia  is  not  a 
result  simply  of  the  retention  of  these  nitrogenous  waste  products. 
It  should  also  be  borne  in  mind  in  this  connection,  that  death  in 
nephritis  is  not  infrequently  due  to  an  acidosis  rather  than  to  a 
uremia  (16). 

'This  patient  died  during  the  week  of  February  24. 
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Blood  analj-ses  on  other  cases  of  bichloride  poisoning  have 
been  reported  by  Foster  (17),  Underbill  (18),  Woods  (19),  Cohen 
and  Bemhard  (20),  Lewis  and  Rivers  (21)  and  Campbell  (14). 
The  analyses  in  the  present  case,  however,  are  more  complete 
than  in  any  other  case  reported.  It  may  be  noted  that  of 
Campbell's  two  cases,  one  had  a  creatinine  of  12.5  mgm.  and 
recovered,  while  in  the  non-fatal  case  reported  by  Cohen  and 
Bemhard,  the  creatinine  reached  9.3  mgm.  This  is  of  interest 
in  \'iew  of  the  conclusion  reached  by  flyers  and  Lough  (3) 
regarding  the  prognostic  value  of  the  creatinine  in  chronic 
nephritis.  In  their  series  they  found  that  cases  with  over  5  mgm. 
of  creatinine  uniformly  terminated  fatally. 

DISCUSSION 

In  the  present  series  of  cases  emphasis  has  been  placed 
particularly  upon  the  useftdness  of  the  urea  nitrogen  estimation. 
A  few  remarks  may  be  made  regarding  the  other  determinations 
recorded  in  the  tables.  The  data  on  the  blood  uric  acid  do  not 
admit  of  easy  interpretation,  although  it  may  be  noted  that  the 
uric  acid  figures  are  high  in  quite  the  majority  of  the  prostate 
cases. 

Since  an  appreciable  retention  of  creatinine  does  not  occur 
until  the  impairment  in  renal  fimction  is  advanced,  it  would  ap- 
pear from  the  present  series  of  obser\'ations  to  be  of  decidedly 
less  value  as  a  pre-operative  test  than  the  urea,  although  a  high 
creatinine,  when  found,  would  indicate  the  inadvisability  of 
operating.  It  may  be  worth}'  of  note,  however,  that  in  the  pros- 
tate series,  the  seven  cases  showing  3.5  mgm.  or  more  creatinine 
were  all  among  the  cases  that  died.  As  was  pointed  out  in  the 
introduction,  the  normal  creatinine  concentration  of  whole 
blood  is  probably  not  over  2  mgm.  per  100  cc.  In  this  connec- 
tion attention  should  probably  be  called  to  the  recent  papers  of 
Hunter  and  Campbell  (22).  They  have  inquired  into  the  accu- 
racy of  the  values  given  for  the  crea,tinine  of  normal  blood. 
Their  data  tend  to  show  that  the  figures  ordinarily  reported  for 
whole  blood  are  too  high,  o\\'ing  to  an  interference  in  the  color 
development  by  some  constituent  in  the  corpuscles.     In  a  series 
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of  normal  individuals  they  found  a  creatinine  content  per  100 
cc.  of  1.7  mgm.  for  laked  blood  and  1.1  mgm.  for  plasma.  Grant- 
ing the  correctness  of  these  observations,  the  data  on  the  whole 
blood  probably  possess  nearly  as  great  comparative  value  as 
on  the  plasma.  With  the  rise  in  the  creatinine  concentration, 
the  disturbing  influence  of  the  substance  in  the  corpuscles  ob- 
viously becomes  proportionately  less,  so  that  the  absolute  accu- 
racy of  the  test  increases  with  its  clinical  importance. 

From  an  inspection  of  the  blood  sugar  data,  it  will  be  ob- 
served that  there  were  several  cases  in  which  the  determination 
was  of  special  diagnostic  significance  (diabetes).  Excepting 
these  cases,  a  few  others  will  be  found  showing  blood  sugars  ap- 
preciably above  normal  (those  above  0.16  per  cent),  in  which 
glycosuria  was  not  noted.  Some  of  these  are  associated  with  the 
retention  phenomenon  of  advanced  nephritis,  but  a  few  would 
appear  to  be  mild  cases  of  diabetes  in  which  the  condition  had 
not  been  disclosed  by  the  urine  examination.  Comment  has 
already  been  made  on  the  C02-combining  power  of  those  cases 
showing  significant  figures. 

SUMMARY 

Chemical  blood  observations  are  reported  on  a  series  of  fifty- 
eight  cases  with  prostatic  obstruction.  The  blood  urea  has  been 
found  to  be  an  extremely  valuable  pre-operative  prognostic  test 
in  these  cases — in  our  hands  more  valuable  than  any  other. 
Cases  showing  urea  nitrogen  figures  under  20  mgm.  per  100  cc. 
of  blood  may  be  regarded  as  good  operative  risks  so  far  as  the 
kidneys  are  concerned.  When  the  urea  nitrogen  figures  are 
found  between  20  and  30  mgm.,  and  especially  between  25  and 
30,  the  patient  should  be  operated  on  with  considerable  caution 
and  best  after  a  period  of  preliminary  treatment  directed  to  re- 
lieve the  nitrogen  retention.  The  gas-oxygen  method  is  the 
anesthesia  of  choice.  The  data  here  recorded  indicate  that  with 
urea  nitrogen  figures  over  30,  the  operative  prognosis  is  bad. 

Blood  analyses  are  also  reported  and  discussed  on  seven 
nephrectomy  cases,  one  case  of  bichloride  poisoning  with  double 
decapsulation  of  the  kidneys  and  nine  miscellaneous  cases. 
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THE  OPERATIVE  TECHNIQUE  OF  LITHOTOMY  IN 
THE  EIGHTEENTH  CENTURY^ 

CHARLES  GREENE  CUMSTON 
Geneva,  Switzerland 

As  is  my  wont,  I  shall  confine  this  first  lecture  of  my  course 
on  the  history  of  the  healing  art  to  the  discussion  of  some  special 
subject  of  importance  which  forms  an  interesting  episode  in 
medical  annals.  Upon  the  present  occasion  I  have  chosen  the 
technique  of  the  operation  of  hthotomy  as  it  was  developed  some 
two  centuries  ago  and  as  this  operation  was  a  very  common  and 
much  discussed  one  among  the  learned  operators  of  the  eighteenth 
centurj^  in  France,  England  and  Italy,  you  can  readily  imderstand 
that  the  subject  is  not  devoid  of  interest. 

To  illustrate  the  description  of  the  various  techniques,  I  place 
before  you  two  plates  taken  from  Bertrandi's  ''Trattato  della 
Operazioni  di  Chirurgia,"  published  in  1763,  as  they  well  depict 
the  principal  lithotomy  instruments  of  the  epoch  and  as  a  number 
of  illustrious  surgeons  will  be  referred  to  in  this  lecture,  I  here 
present  a  list  of  names  of  the  more  noted  ones,  with  the  dates  of 
birth  and  death  of  each,  as  well  as  the  city  in  which  he  practised. 

fBaseilhac,  Jean,  called  "Frere  Cosme."     1703-1781. 
I  Le  Cat,  Claude  Nicolas.     1700-1768. 
Paris  •{  Ledran,  Frangois.     1685-1770. 

I  de  Lafaye,  Georges.     Died  at  advanced  age  in  1781. 
[Louis,  Antoine.     1723-1792. 

[Bromfield,  WiUiam.     1712-1792. 
J  Cheselden,  William.     1668-1752. 

Sharp,  Samuel.     1700-1778. 

Hawkins,  Caesar.     1711-1786. 

v.  ' 

^Introductory  lecture  to  the  course  on  the  History  of  Medicine  at  the  Uni- 
versity of  Geneva  for  the  Academic  year  1917-18,  delivered  November  7,  1917. 
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Albinus,  Bernhard  Siegfried.  1697-1770.  The  family  name  was 
Weiss,  hence  Albinus.  He  professed  anatomy  and  surgery  at  Leyden 
for  half  a  century. 

Alghisi,  Tommaso.    1669-1770.     A  very  noted  lithoto- 
mist  and  lecturer  on  surgery  at  Pisa. 
Italy         J  Bertrandi,  Ambrogio.     1723-1765.     Professor  of  sur- 
gery at  Turin. 
Pallucci,   Guiseppe.     1716-1797.     Practised  at  Flor- 
*    ence,  afterwards  at  Vienna. 

The  epoch  in  which  the  operation  of  lithotomy  was  developed 
to  a  high  degree  of  technical  skill  may  be  roughly  placed  be- 
tween the  years  1725  and  1775.  The  most  celebrated  lithoto- 
mist  of  France  of  the  seventeenth  century,  perhaps  the  most 
celebrated  in  all  Europe,  Frangois  Tolet,  had  died  on  August  9, 
1724,  leaving  as  a  legacy  to  the  surgical  world  his  famous  work, 
although  in  reality  a  small  volume,  entitled  ''Traite  de  la  lithot- 
omie,"  the  first  edition  of  which  appeared  in  1681  and  went 
through  six  editions,  the  last  being  issued  in  1722,  and  with  it 
we  take  up  the  thread  of  the  present  discourse. 

The  great  lithotomist,  Tommaso  Alghisi  says  in  his  work 
"Litotomia,  owero  del  cavar  la  pietra,"  etc.,  published  at  Flor- 
ence in  1718,  that  ''lithotomy  is  one  of  the  most  difficult  and 
dangerous  operations  performed  on  the  human  body  and  nothing 
should  be  neglected  which  can  in  any  way  facilitate  the  under- 
standing and  performance"  (of  the  operation). 

Referring  now  to  plate  1,  figures  4  and  5  which  represent  two 
knives  that  were  devised  by  Le  Cat,  you  will  notice  that  they 
each  present  a  groove  (c).  The  patient  was  placed  in  the  usual 
lithotomy  position  and  a  grooved  staff  of  the  English  pattern 
(see  plate  1,  fig.  3)  was  introduced.  You  will  notice  that  this 
grooved  staff  is  quite  similar  to  the  modern  one  devised  by  Fer- 
gusson,  excepting  that  its  curve  is  considerably  greater.  The 
staff  introduced  was  then  inclined  to  the  right  and  brought  as 
far  as  possible  towards  the  perineum.  The  scrotum  being  raised 
by  an  assistant,  the  surgeon  seized  the  handle  of  the  staff  and 
after  having  exactly  determined  its  situation  and  direction  in  the 
perineum  the  skin  and  fat  were  incised  with  the  grooved  knife  as 
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in  the  operation  of  lateral  lithotomy  by  a  long  incision  which  be- 
gan at  the  membranous  urethra  under  the  pubis  and  was  carried 
obliquely  up  to  the  anus.  WTien  this  had  been  done  the  surgeon 
felt  with  the  finger  the  position  of  the  staff  under  the  pubis  and 
then  inserted  the  point  of  the  knife  into  the  membranous  urethra 
and  into  the  groove  of  the  staff.  The  knife  was  then  carried 
by  a  stroke  nearly  to  the  prostate. 


Plate  1 


But  Le  Cat  fearing  that  it  was  risky  to  penetrate  as  deep  as 
the  prostate  with  the  same  knife  (A),  directed  its  point  upwards 
and  had  it  firmly  held  in  this  position  by  an  assistant,  while  the 
second  knife  (B)  was  placed  in  its  groove  and  was  thus  conducted 
down  onto  the  staff.  Then  the  first  knife  (-4)  was  withdrawn 
while  the  second  (B)  was  made  to  cut  from  above  downwards 
and  inwards  towards  the  bladder,  the  prostate  being  incised  and 
probably  also  a  small  opening  made  in  the  bladder  as  well. 
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Now  in  this  technique  of  Le  Cat,  in  order  to  incise  the  prostate 
with  ease,  it  was  necessary  to  carry  the  staff  further  backward 
and  inward  in  order  to  reach  the  gland,  when  division  of  the 
urethra  was  made  in  a  downward  direction  by  the  same  knife. 
After  sufficient  dilatation  the  knife  and  staff  were  raised  up  and  a 
conductor  was  introduced  into  the  bladder  along  the  groove  of 
the  staff. 

In  a  letter^  addressed  to  Guattani  by  Pierre  Tarin,  the  latter 
proposes  the  use  of  a  staff  whose  groove  is  less  open  at  its  distal 
end  and  with  the  edges  turned  inwardly  so  that  the  resulting 
groove  is  quite  narrow.  Tarin  made  the  first  incision  with  an 
ordinary  knife  and  then  introduced  another  similar  to  the  one 
represented  by  figure  2,  excepting  that  its  point  was  turned  up- 
ward and  olive  tipped.  This  knife  was  used  for  incising  the 
prostate  on  the  staff  as  in  Le  Cat's  technique. 

Ledran  made  a  very  complete  and  painstaking  study  of  the 
various  methods  of  lithotomy  and  finally  concluded  in  favor  of 
the  following  technique  and  at  the  same  time  observed  that  at  his 
hands  it  was  always  successful,  even  in  the  case  of  very  large 
calculi.  After  the  grooved  staff  had  been  introduced  and  the 
perineum  made  tense  over  it,  the  integuments  were  incised  with 
either  of  the  knives  depicted  by  figures  1  and  2.  The  membranous 
urethra  was  divided  as  in  Le  Cat's  operation  but  when  this  had 
been  done,  Ledran  pushed  the  tip  of  the  staff  upwards  by  a 
finger  introduced  in  the  rectum  and  pressure  was  made  over  the 
pubis,  while  at  the  same  time  the  handle  of  the  staff  was  in- 
clined towards  the  right  groin  so  that  the  groove  at  the  tip  would 
face  the  space  between  the  anus  and  the  tuberosity  of  the  left 
ischium. 

Ledran's  aim  was  to  incise  only  the  bulbous  urethra  and  he 
maintained  that  by  making  it  on  the  left  the  rectum  would  not 
be  injured.  When  this  incision  was  made  the  point  of  the  knife 
was  pushed  along  the  curved  portion  of  the  staff  up  to  the  spot 
where  the  latter  instrument  became  directed  tow^ards  the  upper 
part  of  the  perineum,  at  which  stage  of  the  operation  it  was  con- 

*This  letter  was  published  in  Haller's  collection,  vol.  iv. 
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fided  to  an  assistant.  Xext  a  large  grooved  director  (see  plate 
1 ,  fig.  4)  with  a  tip  similar  to  that  of  a  conductor,  was  slipped 
along  the  blade  of  the  knife  up  to  the  groove  in  the  staff.  The  tip 
of  the  director  was  passed  into  the  bladder  along  the  groove  in 
the  staff  and  then  the  latter  instrument  was  withdrawn.  The 
grooved  side  of  the  director  was  next  turned  so  as  to  face  the 
space  between  the  anus  and  the  tuber  ischii  and  then  another 
knife  (see  plate  1,  fig.  7)  was  pushed  along  the  grooved  director, 
continuing  the  first  incision  in  the  urethra  until  the  prostate 
was  split  on  the  left  side  by  inclining  the  staff  slightly  forward. 

Pallucci  caused  some  astonishment  among  the  French  sur- 
geons when  he  pubUshed  his  personal  technique  in  1757,  based 
apparently  on  considerable  experience.  At  all  events  he  cer- 
tainh^  had  studied  the  subject  of  lithotomy  very  carefully.  He 
used  the  same  grooved  staff  and  made  a  lateral  incision  in  the 
integuments  with  a  knife  rather  smaller  than  the  one  figured  in 
plate  1,  figure  2,  while  the  point  was  sharper.  The  groove  in  the 
staff  was  next  sought  for  and  when  found  the  knife  was  abandoned 
and  a  trocar  was  pushed  by  its  tip  along  the  grooved  staff  between 
the  urethral  bulb  and  prostate.  Pallucci  points  out  that  one 
can  easily  distinguish  the  urethral  bulb  with  the  index  finger  in- 
serted beyond  the  tip  of  the  trocar.  When  the  latter  instrument 
had  been  engaged  in  the  groove  of  the  staff  it  was  then  given  to 
an  assistant  to  hold  and,  since  the  body  of  the  trocar  possessed 
a  furrow  made  in  its  under  aspect  the  tip  of  the  knife  could  be 
carried  to  the  groove  in  the  staff  along  this  furrow.  Then  with- 
drawing the  trocar  the  surgeon  continued  to  incise  deeply  from 
above  downward  until  the  prostate  and  vesical  neck  and  a  por- 
tion of  the  bladder  itself  had  been  divided. 

The  writings  of  Gunz  referring  to  Le  Cat's  and  Ledran's  opera- 
tions need  not  detain  us  as  they  are  tiresome  and  of  no  particular 
historic  value. 

The  techniques  so  far  described  are  in  reality  nothing  else  than 
the  greater  apparatus  made  lateral  and  among  the  difficulties 
of  the  greater  apparatus  which  surgeons  experienced  was  perhaps 
above  all  the  insuflficient  curving  given  to  the  staff. 
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Albinus  who  was  Rau's  pupil  described  his  master's  technique 
and  maintained  that  it  was  far  superior  to  any  other  on  account 
of  the  kind  of  staff  employed.  Now  Rau  did  use  a  longer  curved 
staff  with  which  he  could  enter  the  bladder  more  easily  and 
deeply,  while  the  knife  could  likewise  attain  the  bladder  with 
greater  ease  and  without  wounding  the  gut. 

The  handle  of  Frere  Jacques'  staff  made  a  right  angle  with  the 
convex  portion  so  that  this  part,  of  necessity,  projected  more  out- 
wardly and  even  lower  through  the  perineal  structures.  It  was 
likewise  on  account  of  this  very  great  convexity  that  Frere  Jacques 
could  only  incise  under  the  pubic  commissure  and  occasionally 
he  was  unable  to  reach  far  enough  backwards,  although  Mery 
who  witnessed  his  operations  at  one  of  the  Paris  hospitals  stated 
that  the  incision  could  not  be  more  precise  or  exact. 

Both  Rau  and  Cheselden  were  unable  to  do  it  otherwise  and 
it  would  appear  that  Frere  Jacques  did  not  always  finish  his  opera- 
tions as  well  as  might  have  been  desired,  because  his  staff  was  too 
short  and  also  because  it  had  no  groove  so  that  the  knife  was  apt 
to  slip  away  from  the  instrument. 

In  point  of  fact,  Frere  Jacques  simply  performed  the  operation 
by  the  greater  apparatus  and  since  the  Parisian  surgeons  were 
far  more  dextrous  than  he  in  carrying  out  this  technique,  it  is 
evident  that  they  could  only  look  upon  his  methods  as  merely 
those  of  irregular  practice  bordering  on  charlatanry. 

In  the  description  of  Rau's  operation  as  given  by  Albinus,  it 
appears  that  the  surgeon  held  the  staff  himself  and  never  inclined 
it  to  the  side  for  the  purpose  of  carrying  the  knife  backwards 
and  inwards,  and  although  his  success  in  this  operation  may  have 
been  real,  it  does  not  seem  that  he  in  any  way  improved  upon  the 
technique  of  the  greater  apparatus  excepting  that  he  made  a 
deeper  and  lower  incision  and  carried  it  more  to  the  left,  a  feat 
he  was  able  to  accomplish  because  his  staff  was  given  a  very  long 
and  full  curve. 

Later  on  the  French  surgeons  advised  inclining  the  staff  to  the 
side  in  order  to  allow  the  operator  to  cut  more  deeply.  The  rea- 
sons for  this  are  explained  by  Bertrandi  who  was  certainly  in  a 
position  to  know  as  he  had  been  the  eye  witness  to  the  work  of 
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the  best  surgeons  in  Paris.'  He  states  that  there  were  two  rea- 
sons. The  first  was  because  they  always  began  the  incision  too 
high  up,  both  of  the  skin  and  the  urethra.  The  second  was  be- 
cause they  never  carried  it  down  to  the  anus.  Therefore  in  order 
to  prolong  the  incision  in  the  integuments  they  were  obliged  to 

t  incline  the  staff  on  which  they  guided  their  knife  in  order  to  com- 

^  plete  it.     Now  all  this  difficulty  might  have  been  avoided  if  a 

fuller  and  longer  curve  had  been  given  to  the  staff. 

I  would  point  out  that  the  above  technique  was  not  always 
followed  by  the  desired  results.  The  incision  was  frequently  in- 
sufficient for  the  removal  of  a  good  sized  calculus,  so  that  the 
structures  were  often  considerably  contused  and  as  it  was  inade- 
quate for  drainage  of  the  bladder,  urinary  infiltration  occurred 
with  all  its  dire  consequences. 

Bertrandi  tells  us  of  an  interesting  visit  he  paid  Mr.  Sharp  at 
London.  One  day  when  this  celebrated  surgeon  was  to  perform 
a  lithotomy,  he  asked  Bertrandi  who  was  present  how  long  it 
took  the  Paris  surgeons  to  perform  the  operation.     To  the  reply 

I  that  they  could  and  did  do  it  in  from  five  to  eight  minutes,  ]Mr. 

'  Sharp  took  out  his  watch  and  then  performed  the  operation  in 

one  minute.  Bertrandi  says  that  he  has  seen  both  Hawkins  and 
Bromfield  do  it  in  the  same  time  and  that  this  was  likewise  true 
of  Cheselden  and  he  remarks  that  on  account  of  the  complicated 
techniques  of  Le  Cat,  Ledran  and  Pallucci  these  surgeons  could 
never  perform  the  operation  with  such  rapidity. 

Bertrandi  says  further  that  on  account  of  the  insufficient  length 
and  especially  the  depth  of  the  incision  many  more  patients  died 
at  the  hands  of  the  French  operators  than  those  operated  on  at 
London.  If  I  refer  to  Bertrandi  so  frequently,  it  is  merely 
because  he  himself  was  a  very  distinguished  and  learned  surgeon 
and  had  enjoyed  very  great  opportunities  of  observation  by  his 
long  visits  to  Paris,  London  and  other  cities;  therefore  his  critical 
remarks  on  the  surgery  of  his  time  may  be  considered  very  au- 

^Bertrandi  states  that  he  had  seen  de  Garengeot,  Moreau,  Foubert,  Tris, 
Ledran,  de  Laf aye,  Lesne,  Louis,  Andouille  and  Fauvar  perform  lithotomy,  there- 
fore the  elite  of  the  surgical  profession  of  Paris  in  his  day. 
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thoritative,  although  I  am  perfectly  well  aware  that  his  name  is 
not  familiar  to  most  medical  historians. 

At  one  time  Bamber  and  Cheselden  attempted  to  perform 
Rau's  operation  as  described  by  his  pupil  Albinus,  but  they  were 
never  able  to  reach  the  fundus  of  the  bladder  with  Rau's  staff. 
For  this  reason  they  resorted  to  the  use  of  a  syringe  having  a 
groove  on  the  back  for  filling  the  urinary  reservoir  with  water, 
their  object  being  to  cause  the  viscus  to  bulge  into  the  perineum. 


Plate  2 


After  the  bladder  had  been  distended  a  ligature  was  placed 
around  the  base  of  the  penis.  These  attempts  were  unsuccessful 
as  the  patients  were  unable  to  withstand  the  pain  oi  the  dis- 
tended bladder  and  in  a  very  large  number  of  cases,  the  bladder 
had  undergone  pathologic  changes  which  prevented  it  from  be- 
coming distended.  Therefore  this  technique  was  soon  given  up 
and  these  operators  returned  to  the  incision  through  the  prostate 
for  entering  the  bladder. 
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It  would  also  appear  that  many  surgeons  readily  discovered 
that  when  the  incision  into  the  bladder  was  made  so  low  down 
and  so  deeply  there  was  great  risk  of  injury  to  the  rectum  and 
the  production  of  false  passages  between  the  gut  and  the  fundus 
of  the  bladder,  the  inevitable  result  being  the  formation  of  ab- 
scesses, sinuses  and  fistulae. 

However  in  1743  Foubert^  published  a  technique  of  his  own 
by  which  he  thought  the  fundus  of  the  bladder  could  be  reached 
without  incising  the  vesical  neck  or  urethra.  He  was  well  aware 
of  the  disadvantages  of  distending  by  injecting  water  into  it,  so 
in  order  to  produce  a  gradual  increase  in  the  capacity  of  the  or- 
gan, he  ordered  his  patients  to  drink  copiously  of  an  emollient 
decoction  and  then  to  retain  the  urine  as  long  as  possible,  all 
this  being  done  for  some  days  previous  to  the  operation,  and 
then  on  the  morning  of  the  day  chosen  for  the  interference  the 
patient  was  to  drink  still  more  freely  of  the  fluid.  When  the 
bladder  was  considered  sufficiently  distended,  some  means  of 
compression  was  applied  to  the  root  of  the  penis  and  the  patient 
being  placed  in  the  lithotomy  position,  an  assistant  pressed  upon 
the  bladder  with  a  cushion  above  the  pubis  so  that  the  fundus 
would  be  pushed  down  to  the  perineum  and  present  a  larger 
surface  to  the  operator.  The  left  index  finger  was  then  intro- 
duced into  the  rectum  in  order  to  draw  the  gut  to  the  right,  while 
with  the  right  hand  a  trocar  measuring  12  to  14  cm.  in  length, 
with  a  groove  on  the  back,  was  thrust  in  about  an  inch  above  the 
anus  on  the  left  quite  near  to  the  tuber  ischii.  When  the  urine 
flowed  along  the  groove  of  the  instrument  it  was  withdrawn 
slowly  so  that  its  point  should  not  injure  the  bladder  walls.  Then 
with  a  knife  similar  to  that  figured  in  plate  1,  figure  1,  but  with 
a  longer  blade  which  was  fixed  at  a  very  obtuse  angle  to  the 
handle,  the  structures  were  incised  obliquely  by  directing  the 
blade  along  the  groove  in  the  trocar  and  the  fundus  of  the  bladder 
opened. 

Experience  showed  that  the  patients  were  unable  to  dilate  the 
bladder  bj^  the  ingestion  of  the  decoction  to  a  sufficient  degree 

*NouvelIe  IMethode  de  tirer  la  Pierre  de  la  Vessie.  Memioires  de  TAcademie 
royal  de  Chirurgie,  Tome  3,  p.  255. 
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and  that  for  this  reason  there  was  much  danger  of  incising  along 
side  the  organ  and  not  into  it,  or  even  cutting  the  vas  deferens 
and  seminal  vesicle. 

I  now  come  to  the  operation  devised  by  Frere  Cosme  with  his 
famous  Uthotome  Cache  which  is  represented  by  figure  1,  plate  2, 
and  hardly  needs  further  explanation.  You  will  observe  however 
that  there  is  a  sliding  screw  which  regulates  in  degrees  the  amount 
of  projection  given  to  the  blade.  After  an  ordinary  grooved  staff 
had  been  introduced  into  the  bladder  and  held  by  an  assistant 
in  the  position  for  lateral  lithotomy,  the  surgeon  incised  the 
skin  and  fat,  beginning  at  the  side  of  the  raphe  and  extending 
down  to  the  tuber  ischii.  In  adults  the  incision  would  be  about 
2§  inches  long.  Then  the  point  of  the  knife  was  engaged  in  the 
groove  of  the  staff  and  a  small  slit  was  made  in  the  urethra  and 
through  this  the  tip  of  the  lithotome  was  introduced  closed. 
The  staff  was  then  inclined  forwards  and  the  lithotome  was 
pushed  along  into  the  bladder.  The  blade  of  the  lithotome  was 
then  made  to  protrude  to  the  desired  extent  and  the  instrument 
withdrawn  following  the  direction  of  the  incision  in  the  soft 
structures. 

Frere  Cosme  had  such  confidence  in  his  instrument  that  he 
said  any  one  could  perform  the  operation.  Now  in  lithotomy 
everything  depends  upon  the  division  of  the  prostate  and  it  is 
evident  that  the  only  advantage  in  Frere  Cosme's  technique  was 
that  he  obtained  a  greater  dilitation  of  the  opening  into  the 
bladder  by  the  use  of  his  lithotome. 

I  would  point  out  that  the  lithotome  cache  was  nothing  else 
than  a  slight  modification  of  the  histouri  cache  employed  in  that 
epoch  for  the  operation  for  hernia.  The  great  danger  of  this 
instrument  was  that  during  its  withdrawal  it  was  apt  to  injure 
the  rectum,  seminal  vesicle  or  vas  deferens  and  that  such  acci- 
dents did  occur  we  know  from  reports  to  that  effect  which  were 
published  in  this  epoch,  particularly  by  Louis  and  Le  Cat. 

In  order  to  eliminate  the  danger,  Cacque  suggested  construct- 
ing the  blade  with  a  dull  point.  However  this  did  not  seem  to 
improve  the  instrument  and  patients  died  from  hemorrhage  of 
the  internal  pudic  artery  at  the  hands  of  Frere  Cosme  hij^aself, 
as  well  as  in  the  practice  of  other  skilled  surgeons. 
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A  surgeon  of  the  Bicetre  Hospital,  Thomas  by  name,  under- 
took to  improve  upon  Foubert's  and  Fr^re  Cosme's  operations. 
He  proposed  employing  a  trocar  similar  to  Foubert's  but  with 
a  lance-shaped  point,  the  cannula  which  offered  a  sUt  along  its 
side  containing  a  blade  which  by  a  prop)er  mechanism  could  be 
made  to  protrude  to  the  desired  degree.  The  bladder  was  dis- 
tended with  fluid  and  pressed  down  upon  from  the  suprapubic 
region  by  an  assistant,  the  trocar  was  pushed  into  the  bladder 
just  to  the  side  of  the  middle  line  and  at  a  point  one  finger's  breadth 
below  the  pubis.  Then  when  the  urine  flowed  the  instrument  was 
turned  somewhat  obliquely  towards  the  tuber  ischii,  causing  the 
blade  to  project  to  the  desired  degree  and  the  instrument  was 
withdrawn,  the  conductor  with  which  the  instrument  was  pro- 
vided being  retained  in  the  bladder  so  that  the  forceps  could  be 
immediately  introduced  along  it  for  the  removal  of  the  calculus. 

Bertrandi  says  that  the  first  time  he  saw  Cheselden's  incision 
made  it  was  done  by  Bromfield  whose  operations  were  as  success- 
ful as  those  of  Cheselden.  When  Bertrandi  showed  Bromfield  the 
lithotome  cache  of  Frere  Cosme,  he  laughed  and  said  that  the 
instrument  ''was  devised  for  surgeons  who  did  not  know  how 
to  operate." 

At  this  epoch  Mr.  Hawkins  had  just  devised  a  conductor  (see 
plate  2,  fig.  2)  whose  left  edge  was  a  cutting  one  (AB)  and  with 
it  he  split  the  prostate  on  the  side  after  first  having  opened  the 
urethra.  In  other  words  Hawkins  incised  the  skin  and  fat  as  in 
lateral  lithotomy  and  then  opened  the  urethra  as  near  as  possible 
to  the  prostate,  after  which  the  conductor  was  introduced  into 
the  groove  of  the  staff  and  turning  the  cutting  edge  obliquely 
downwards,  the  prostate  was  incised. 

At  the  same  time  Mr.  Bromfield  had  invented  a  conductor  with 
two  lateral  grooves  (see  plate  2,  fig.  3)  in  which  a  second  conductor 
(see  plate  2,  fig.  4)  could  be  pushed  and  which  fitted  so  well  into 
the  grooves  that  it  practically  made  one  instrument.  It  also 
had  a  cutting  edge  on  the  left. 

However  during  the  entire  summer  that  Bertrandi  passed 
with  Mr.  Bromfield,  he  never  saw  him  use  his  conductor,  always 
making  a  lateral  incision  of  the  prostate  on  a  grooved  staff  after 
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the  technique  of  his  master,  Cheselden,  and  always  with  ease 
and  success. 

You  will  see  gentlemen  what  attention  was  given  to  the  opera- 
tion of  lateral  lithotomy  by  the  surgeons  in  the  middle  of  the 
eighteenth  century  but  from  all  I  have  read  on  the  subject  in  the 
original  memoirs  and  books  published  at  the  time,  I  unhesi- 
tatingly conclude  that  the  most  skilled  operators  employed  the 
simpler  methods  and  instrumentation  and  that  their  results 
were  by  far  the  best. 


THE  EMPLOYMENT  OF  THE  HIGH  FREQUEN^CY  CUR- 
RENT FOR  THE  EXTRACTION  OF  CALCULI  INCAR- 
CERATED IN  THE  LOWER  END  OF  THE  URETER 

HUGH  HAMPTON  YOUNG 
From  the  James  Buchanan  Brady  Urological  Institute,  Baltimore,  Maryland 

Various  methods  have  been  proposed  for  the  extraction  of  cal- 
cuU  in  the  terminal  intravesical  portion  of  the  ureter.  In  1903' 
the  writer  made  an  exhaustive  study,  and  presented  one  case  in 
which  he  was  able  to  extract  a  calculus  incarcerated  in  the  lower 
end  of  the  ureter  by  means  of  a  ureteral  catheter,  and  also  men- 
tioned cases  in  which  stones  had  been  removed  from  this  por- 
tion of  the  ureter  by  suprapubic  cystotomy.  Since  this  time 
several  articles  have  appeared  detailing  various  cases  in  which, 
by  means  of  dilating  instruments,  forceps  or  scissors,  calcuU  have 
been  extracted  from  the  lower  end  of  the  ureter  intravesically. 
Bransford  Lewis  has  been  one  of  the  most  frequent  contributors 
on  this  subject. 

The  technique  which  is  presented  herewith  consists  in  the  em- 
plo\Tnent  of  the  high  frequency  spark  to  incise  the  mucous 
membrane  covering  the  incarcerated  calculus,  thus  enlarging 
the  ureteral  orifice  to  a  degree  sufficient  to  permit  its  passage 
into  the  bladder. 

Case  1.  No.  4390,  aged  29,  was  admitted  May  22,  1915,  complaining 
of  recurring  attacks  of  colicky  pain  in  the  lower  portion  of  the  abdomen 
on  the  left  side.  Ureteral  catheterization  had  been  carried  out  else- 
where in  December,  1914,  following  which  he  passed  a  small  stone. 

On  cystoscopic  examination  there  was  marked  enlargement  of  the 
left  corner  of  the  trigone  and  left  ureteral  ridge,  both  of  which  were 
very  prominent.  The  picture  at  once  suggested  an  incarcerated  cal- 
culus in  the  intravesical  and  intramural  portions  of  the  ureter,  notwith- 

iThe  surgery  of  the  lower  ureter,     .\naals  of  Surgery,  1933,  xxxvii,  p.  668. 
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standing  the  fact  that  the  plain  X-ray  revealed  no  shadow  in  this  region. 
Attempts  to  pass  a  ureteral  catheter  were  unsuccessful  and  it  occurred 
to  the  writer  that  it  would  be  possible  to  enlarge  the  ureteral  orifice  by 
fulguration  of  the  mucosa  which  was  stretched  tensely  over  the  stone. 
This  was  accordingly  done  and  a  linear  burn  made,  starting  at  the 
ureteral  orifice  and  extending  along  the  line  of  the  ureteral  ridge  for  a 
distance  of  about  1.5  cm.     Following  fulguration  there  was  some  vesical 


Fig.  1.    Schematic  View  of  Bladder 

Showing    marked  bulging  of  intramural   portion  of  ureter  due  to  incarcer- 
ated stone.     Cystoscope  and  fulgerating  wire  in  place. 


irritation  but  no  definite  pain  in  the  kidney,  ureter  or  testicle.  Three 
days  after  the  treatment  there  developed  considerable  urinary  urgency, 
frequency  and  pain  at  the  end  of  urination.  These  symptoms  contin- 
ued for  two  days,  when  the  patient  passed  through  the  urethra  a  calcu- 
lus, measuring  4  by  6  by  8  mm.  This  was  accompanied  by  shght  hemor- 
rhage, the  first  he  had  noticed.  There  was  no  hematuria  subsequently 
and  the  pain  which  had  been  present  in  the  region  of  the  kidney  ceased. 
The  patient  was  discharged  eleven  days  after  fulguration,  free  from 
symptoms  and  able  to  retain  urine  for  eight  hours. 
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Case  2.  No.  5411,  aged  36,  was  admitted  October  3,  1916,  complain- 
ing of  stone  in  the  right  ureter.  He  had  had  intermittent  attacks  of 
pain  for  ahnost  three  years,  the  pain  being  typical  of  ureteral  colic,  be- 
ginning in  the  right  side  and  radiating  into  the  right  groin  and  testicle, 
and  was  accompanied  by  occasional  hematuria. 

The  X-ray  examination  revealed  a  large  ureteral  calculus  in  the  ter- 
minal portion  of  the  ureter.  On  cystoscopy,  the  right  corner  of  the 
trigone  and  right  ureteral  ridge  were  considerably  enlarged  and  oede- 
matous.  The  ureteral  orifice  was  small  and  round,  and  from  it  was  seen 
protruding  a  portion  of  a  black  irregular  calculus.  A  ureteral  catheter 
was  passed  and  an  unsuccessful  attempt  made  to  dislodge  the  stone. 
The  high  frequency  was  then  directed  to  the  mucous  membrane  and  a 
linear  burn  1  cm.  in  length  made,  beginning  at  the  orifice  and  extending 
upward  to  the  limit  of  the  prominence  caused  by  the  calculus.  On  the 
fourth  day  after  fulgiu-ation,  X-ray  examination  showed  the  stone  in 
the  same  position.  The  patient  had  had  considerable  vesical  disturb- 
ance, with  retention  of  urine  on  three  occasions.  On  the  sixth  day, 
the  stone  was  passed  "without  the  slightest  pain,"  according  to  letter 
from  the  patient.  He  was  heard  from  nine  months  later  at  which  time 
he  was  free  from  symptoms. 

Case  3.  No.  3935,  aged  24,  was  first  admitted  May  16,  1914,  com- 
plaining of  intermittent  attacks  of  pain  in  the  back  and  testicles. 
X-ra\'  examination  revealed  the  shadow  of  a  stone  in  the  right  ureter 
just  below  the  uretero-pelvic  junction;  the  remainder  of  the  examina- 
tion was  quite  negative.  On  May  29,  1914,  a  lumbar  uretero-lithotomy 
was  performed  and  the  calculus  removed.  The  patient  was  practically 
free  from  sj-mptoms  until  September,  1916,  when  he  began  having  at- 
tacks of  renal  colic,  on  the  left  side,  the  pain  radiating  into  the  testicle. 
These  attacks  were  alwaj's  followed  by  the  appearance  of  blood  in  the 
urine.  On  X-ray  examination  a  definite  shadow  was  seen  in  the  region 
of  the  lower  end  of  the  ureter.  On  cjistoscopy,  December  30,  1916,  the 
left  ureteral  orifice  was  apparently  normal  and  the  ureteral  ridge  was 
quite  prominent,  the  mucous  membrane  bulging,  as  shown  in  the  ac- 
companj'ing  illustration.  A  ureteral  bougie  armed  with  a  waxed  tip 
was  passed  into  the  left  ureteral  orifice  and  a  definite  scratch  obtained. 
A  linear  burn  1  cm.  in  length  was  made,  extending  from  the  ureteral 
orifice  upward  and  outward  in  the  direction  of  the  ureteral  ridge  over 
the  prominence  produced  b\'  the  calculus.  January  8,  1917,  the  pa- 
tient passed  a  stone  measuring  1  cm.  in  length  and  4  mm.  in  diameter, 
slighth"  rough  and  composed  entirely  of  calcium  oxalate.     On  cysto- 
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scopy,  February  17,  1917,  the  left  ureteral  orifice  was  somewhat  elon- 
gated and  of  irregular  shape  but  functioned  normally.  The  right  ureteral 
orifice  was  circular,  pinpoint  in  character,  evidently  slightly  constricted, 
and  the  ejection  of  urine  was  accompanied  by  a  slight  ballooming 
above  it. 

CONCLUSIONS 

The  employment  of  the  high  frequency  current  in  cases  of  -  al- 
culus,  incarcerated  in  the  intramural  and  intravesical  portions 
of  the  ureter,  is  successful  in  enlarging  the  orifice  sufficient  to  per- 
mit its  passage.  Furthermore  this  operation  is  simple,  can  be 
carried  out  without  anaesthesia,  and  does  not  produce  more  than 
slight  hemorrhage. 


PRESEXTATIOX  OF  DEVICE  FACILITATING  THE 

INTRODUCTION    OF   THE    CYSTOSCOPE    IN 

CERTAIN  DIFFICULT  CASES 

WILLIA.M  A.  FRONTZ 
From  The  James  Buchanan  Brady  Urological  Institute,  The  Johns  Hopkins  Hospital 

While  the  passage  of  the  cystoscope  in  the  majority  of  cases 
is  a  very  simple  operation,  every  cystoscopist  experiences  diffi- 
culty from  time  to  time  in  the  introduction  of  the  instrument  in 
certain  cases  of  urethral  stricture  and  in  those  distortions  of  the 
urethra  resulting  from  extra-urethral  infections,  various  operative 
procedures  and  congenital  malformations.  It  is  usually  possible 
by  means  of  filiform  and  follower  to  effect  an  entrance  into  the 
bladder,  following  which  the  cystoscope  may  be  introduced  with- 
out difficulty.  In  certain  cases  however  even  after  preliminary 
dilatation,  satisfactory  instrumentation  may  be  impossible. 
This  difficulty  is  occasioned  not  so  much  by  the  area  of  actual 
fibrosis  as  by  those  irregularities  and  false  passages  which  are 
occasionally  encountered  behind  the  site  of  the  stricture.  Fre- 
quently in  these  cases  it  may  be  possible  to  dilate  the  urethra  to 
its  normal  calibre,  following  which  an  instrimient  of  smaller  size 
cannot  be  introduced.  In  a  recent  case  requiring  cystoscopy  ex- 
amination revealed  an  extensive  fibrosis  involving  the  bulbous 
and  membranous  portions  of  the  urethra.  By  means  of  filiforms 
and  followers  the  stricture  was  dilated  to  28  French,  following 
which  nmnerous  attempts  to  pass  a  cystoscope  were  unsuccess- 
ful, the  point  of  obstruction  being  in  the  prostatic  urethra. 

The  ease  with  which  the  filiform  and  follower  is  passed  in 
most  cases,  even  after  failure  by  the  ordinary  methods  of  instru- 
mentation, suggested  the  possibility  of  utilizing  the  fifiform  in 
these  difficult  cases  as  a  guide  to  the  cystoscope. 

The  device  herewith  presented  consists  of  a  metal  truncated 
cone,  the  base  of  which  is  cupped  out  to  conform  with  the  curved 
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Fig.  1.     View  of  Brown-Buerger  Cystoscope  with  Metal   Lamp  Attachment 
and  Filiform. 


Fig.  2.    Sagittal  View  of  Terminal  End  of  Cystoscopic  Sheath  with  Metal 
Attachment  and  Filiform. 
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surface  of  the  distal  end  of  the  ordinary  cystoscopic  lamp  and  is 
firmlj'  secured  to  the  metal  of  the  lamp  by  solder.  The  terminal 
end  of  the  attachment  is  drilled  and  tapped  so  as  to  receive  the 
screw  end  of  a  male  filiform. 

In  operation  the  filiform  is  passed  into  the  bladder  after  which 
the  cystoscope  armed  with  the  lamp  with  conical  attachment  is 
fastened  to  it  and  the  instrument  is  introduced  as  the  ordinary 
follower.  In  cases  of  urethral  stricture  it  would  seem  advisable 
to  carrj'  out  preliminary'  dilatation  by  the  usual  methods,  after 
which,  if  the  cystoscope  cannot  be  passed,  the  plain  lamp  can  be 
replaced  by  this  modification  and  the  instrumental  difficulty 
overcome. 

It  should  be  emphasized  that  this  method  is  not  proposed  to 
supplant  urethral  dilitation  in  cases  of  urethral  stricture  but 
rather  to  avoid  the  tramna  which  necessarily  accompanies  re- 
peated attempts  to  introduce  the  cystoscope  in  those  cases  of 
urethral  distortion  and  irregularity  frequently  associated  with 
stricture  or,  as  has  been  indicated  above,  following  operations  on 
the  urethra  or  resulting  from  extra-urethral  infection. 

A  requisite  to  the  successful  operation  of  this  method  would 
seem  to  be  moderate  distension  of  the  bladder  before  attempting 
instrmnentation,  either  by  means  of  irrigation  or  by  instructing 
the  patient  to  hold  his  urine  for  some  time  previously.  In  one 
of  our  cases  in  which  this  procedure  was  overlooked  the  fihform 
coming  in  contact  with  the  anterior  bladder  wall  broke  just  be- 
hind the  attachment  of  the  screw.  The  accident  however  can  be 
avoided  by  preliminary  filling  of  the  bladder. 
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ON  THE  ABSORPTION  OF  DRUGS  AND  POISONS  FROM 
THE  BK^DDER  AND  THE  URETHRA 

I.  Absorption  of  Apomorphin  and  Morphin 

DAVID  I.  MACHT 

From  the  Pharmacological  Laboratory,  Johns  Hopkins  University,  and  the 
James  Buchanan  Brady  Urological  Institute,  Baltimore 

A  large  number  of  drugs  is  employed  in  genito-urinary  prac- 
tice in  the  treatment  of  the  bladder  and  the  urethra:  some  as 
antiseptics,  some  as  styptics,  some  as  local  anesthetics  and  seda- 
tives and  still  others  as  stimulants  of  the  mucous  membranes  and 
for  other  purposes.  The  general  belief  among  the  profession  is 
that  the  drugs  or  reagents  thus  exhibited  or  administered  exert 
a  purely  local  or  topical  effect,  and  that  absorption  from  the 
bladder  or  urethra  into  the  systemic  circulation  is  rare  and,  if 
taking  place,  is  but  shght  in  degree  and  of  no  practical  impor- 
tance. In  connection  with  an  investigation  concerning  the 
absorption  of  various  drugs  and  poisons  through  devious  and 
unusual  channels  or  portals  of  entry  such  as  the  eye,  the  vagina, 
etc.  (1),  the  author  has  undertaken  an  inquiry  into  the  possi- 
bility of  systemic  absorption  of  pharmacological  agents  and  the 
degree  of  such  absorption  in  various  parts  of  the  urinary  tract. 
The  results  have  turned  out  to  be  of  considerable  interest  not 
only  from  the  purely  pharmacological  but  also  from  the  prac- 
tical clinical  point  of  \'iew,  and  it  was  therefore  deemed  desirable 
to  report  them  in  this  place.  In  the  present  communication  the 
problem  of  absorption  from  the  bladder  and  urethra  will  be 
taken  up.  In  a  later  paper  the  question  of  absorption  from  the 
ureters  and  the  pelvis  of  the  kidney  will  be  dealt  with. 

METHOD 

In  the  present  research  the  study  of  absorption  from  bladder 
and  urethra  was  confined  to  male  animals.     Dogs  were  found  to 
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be  ideal  subjects  for  this  purpose  because,  in  the  first  place,  the 
histological  structure  of  the  urethra  and  bladder  in  the  dog  is 
practically  the  same  as  that  in  man,  and  secondly,  because  the 
vesical  and  urethral  sphincters  in  this  animal  are  so  powerfully 
developed  that  it  is  very  easy  to  confine  the  action  of  a  drug  to 
the  bladder  or  urethra  at  the  pleasure  of  the  experimenter. 

If  a  fine  catheter,  with  a  side  opening  and  a  wire  guide,  is 
passed  through  the  urethra  of  a  male  dog  into  its  bladder  and  is 
left  in  position,  the  internal  sphincter  contracts  so  firmly  around 
it  that  any  fluid  injected  through  the  catheter  into  the  bladder 
is  practically  confined  to  that  cavity  alone,  and  does  not  per- 
meate into  the  urethra.  Indeed  in  some  dogs  it  is  almost  impos- 
sible to  pass  a  catheter  into  the  bladder  at  all  on  account  of  the 
excessive  irritability  and  spasmodic  contraction  of  the  sphincter 
muscles. 

If,  on  the  other  hand,  it  is  desired  to  limit  the  action  of  a 
drug  to  the  urethral  mucosa  only  and  not  to  the  bladder,  all 
that  is  necessary  is  to  insert  the  catheter  as  far  as  the  external 
sphincter,  in  which  case  a  fluid  injected  through  the  catheter 
under  moderate  pressure  will  merely  irrigate  the  urethra  and 
flow  out  again  externally  without  penetrating  either  the  pos- 
terior urethra  or  the  bladder.  The  conditions  just  described 
hold  good  for  the  great  majority  of  dogs.  In  exceptional  cases, 
of  course,  the  sphincters  may  not  be  so  well  developed  or  may 
not  contract  so  tightly,  thus  preventing  a  sharp  differentiation 
in  applying  the  drug  to  the  bladder  or  urethra. 

APOMORPHIN   AND    MORPHIN   AS    INDICATORS    OF   ABSORPTION 

In  a  paper  on  the  absorption  of  drugs  from  the  eye  (2)  the 
author  has  shown  that  aporiiorphin  offers  a  very  convenient 
method  of  determining  the  absorption  or  non-absorption  of 
drugs  from  various  surfaces  into  the  general  system  in  unanes- 
thetized  animals.  A  little  apomorphin  solution  or  powder 
introduced  into  the  conjunctival  sac  of  a  dog  was  shown 
to  be   followed   in   a   few  minutes  by   violent   emesis.     Inas- 
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much  as  apomorphin  is  the  best  known  example  of  a  centrally- 
acting  emetic,  the  conclusion  is  inevitable  that  vomiting  in  such 
a  dog  has  been  produced  by  the  absorption  of  apomorphin  from 
the  eye  through  the  blood  or  lymph  stream  into  the  general 
circulation  and  through  its  action  upon  the  vomiting  center  in 
the  brain.  In  exactly  the  same  manner  the  author  has  pointed 
out  that  apomorphin  is  readily  absorbed  from  the  vagina  (3). 
Furthermore,  inasmuch  as  the  vomiting  center  of  dogs  is  almost 
as  sensitive  to  the  action  of  morphin  as  to  that  of  its  derivative, 
apomorphin,  the  introduction  of  morphin  salts  in  solution  or  in 
powder  form  into  the  conjunctival  sac  or  into  the  vagina  of 
dogs  was  also  followed  by  prompt  vomiting,  again  indicating  the 
absorption  of  the  drug  from  those  organs  into  the  general  circu- 
lation. The  same  alkaloids  were  utilized  in  the  study  of  absorp- 
tion from  the  bladder  and  urethra. 

ABSORPTION  FROM  THE  BLADDER  AND  URETHR.\  OF  APOMORPHIN 

AND  MORPHIN 

If  a  catheter  is  gently  introduced  into  the  bladder  of  a  male 
dog  in  the  manner  described  above,  and  a  solution  of  apomor- 
phin (0.1  per  cent  to  1  per  cent)  is  injected  into  the  bladder  and 
the  catheter  left  in  place  in  order  to  prevent  regurgitation  of  the 
solution  into  the  urethral  canal — absorption  of  the  drug  as 
evidenced  by  emesis,  is  verj^  slow.  The  dog  generally  does  not 
vomit  for  half  an  hour  or  longer  and  sometimes  he  does  not 
vomit  at  all.  If  now  the  same  animal  is  used  on  another  daj^ 
and  the  same  strength  of  apomorphin  solution  or  even  weaker 
solutions  of  the  alkaloid  be  employed  for  the  irrigation  of  its 
urethra,  vomiting  promptly  follows,  generally  in  from  two  to 
five  minutes.  This  marked  difference  in  the  absorptive  power 
for  apomorphin  between  the  bladder  and  urethra  has  been 
repeatedly  noted  by  the  author  in  numerous  experiments  with 
various  concentrations  of  the  drug.  It  occurs  irrespective  of 
whether  the  bladder  contains  urine  or  is  empty.  The  following 
protocols  maj^  serve  as  illustrations: 
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Experiment  of  October  11,  1917.     Large  white  dog,  weight  10  kilos. 
10.05  a.m.     Introduced  into  the  bladder  10  cc.  of  0.5  per  cent  apomor- 

phin  hydrochloride  solution,  leaving  catheter  in  place. 
10.25  a.m.     No  vomiting  and  no  defecation 
11.00  a.m.     No  vomiting 
12.00  m.        No  vomiting 

Experiment  of  October  15,  1917.     Same  dog  as  above. 
11.43  a.m.     Soft  catheter  introduced  into  urethra  as  far  as  the  external 
sphincter.     Irrigated  gently  with  0.1  per  cent  apomor- 
phin  hydrochloride  solution  for  two  minutes 
11.45  a.m.     Salivation 
11.48  a.m.     Repeated  vomiting  and  defecation 

Experiment  of  May  16,  1917.  Medium-sized  dog,  6  kilos.  Intro- 
duced catheter  into  the  bladder  and  left  it  in  place.  Injected  5  cc.  of 
a  1.0  per  cent  of  apomorphin  hydrochloride.  Vomiting  occurs  about 
forty-five  minutes  after  introduction  of  the  drug. 

Experiment  May  17,  1917.  Same  animal.  Urethra  irrigated  with 
0.1  per  cent  solution  of  apomorphin  hydrochloride;  vomiting  occurs  in 
three  minutes. 

Exactly  the  same  relationship  between  the  absorptive  powers 
of  the  bladder  and  urethra  was  found  to  hold  good  in  case  of 
morphin  except  that  vomiting  generally  took  place  after  a 
longer  period  of  time  in  case  of  this  alkaloid  than  in  the  case  of 
apomorphin.  Further  discussion  of  the  morphin  action  need 
not,  therefore,  be  entered  into  in  this  place. 

ON    THE    COMPARATIVE    ABSORPTIVE     POWER    OF    THE    ANTERIOR 
AND   POSTERIOR   PORTIONS   OF  THE   URETHRA 

The  dog  offers  us  an  opportunity  not  only  of  studying  the 
comparative  absorptive  properties  of  the  bladder  and  urethra, 
but  also  enables  us  to  observe  to  some  extent  the  comparative 
absorptive  power  of  the  anterior  and  posterior  portions  of  the 
urethra.  This  may  be  done  as  follows:  A  catheter  with  a  side 
opening  is  passed  through  the  urethra  into  the  bladder,  its 
presence  in  the  bladder  being  proved  by  withdrawal  of  urine 
with  a  syringe.  Fluid  injected  through  the  catheter  in  this 
position  naturally  enters  the  bladder  and  does  not  flow  outwards 
through  the  urethra.     The  catheter  is  now  gradually  withdrawn 
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to  a  point  where  suction  with  the  sjninge  obtains  no  more  urine, 
thus  indicating  that  the  tip  of  the  catheter  is  beyond  the  internal 
sphincter.  If  small  injections  are  made  the  fluid  will  remain 
confined  to  the  posterior  urethra  but  as  the  amount  of  fluid  is 
increased,  the  internal  sphincter  yields  and  the  fluid  passes  into 
the  bladder.  On  the  other  hand  when  the  catheter  is  with- 
drawn so  far  that  its  tip  extends  beyond  the  external  sphincter, 
fluid  injected  under  moderate  pressure  will  regurgitate  and  will 
come  in  contact  only  with  the  anterior  urethra.  This  fact  offers 
us  a  practical  method  of  appljang  medicaments  to  the  posterior 
or  anterior  portions  of  the  urethra  at  will,  and  in  this  way  the 
comparative  absorptive  power  of  these  two  divisions  can  be 
investigated. 

By  the  method  above  described,  the  author  has  found  that  the 
absorptive  power  of  the  posterior  urethra  is  distinctly  greater 
than  that  of  the  anterior.  This  may  be  illustrated  by  the  follow- 
ing protocols: 

Experiment  A,  December  31,  1917.  Black  and  white  dog,  8  kilos. 
Posterior  urethra  is  irrigated  with  0.5  per  cent  of  apomorphin  hydro- 
chloride solution  so  that  the  fluid  runs  into  the  bladder.  Vomiting 
occurs  four  and  a  half  minutes  after  the  beginning  of  the  injection. 

Experiment  B,  January  2,  1918.  Same  dog.  Catheter  introduced 
as  far  as  but  not  past  the  external  sphincter  and  the  anterior  urethra 
is  irrigated  with  0.5  per  cent  of  apomorphin  hydrochloride.  Vomiting 
takes  place  s^ix  and  a  half  minutes  after  the  beginning  of  the  injection. 

Experiment  C,  January  5,  1918.  Same  dog.  Ten  cubic  centimeters 
of  1.0  per  cent  solution  of  apomorphin  hydrochloride  is  introduced  into 
the  bladder  and  catheter  is  left  in  place.  Vomiting  does  not  occur 
within  thirty  minutes  after  introduction  of  the  drug. 

Experiment  25.  Yellow  dog,  6  kilos.  Irrigation  of  posterior  urethra 
with  apomorphin  hj'drochloride,  0.5  per  cent  is  followed  by  emesis  in 
three  minutes. 

Irrigation  of  the  anterior  urethra  in  the  same  dog  on  another  day 
with  same  solution  strength  produces  vomiting  four  and  a  half  minutes 
after  beginning  of  injection. 

Ten  cubic  centimeters  1.0  per  cent  solution  apomorphin  hydro- 
chloride introduced  into  the  bladder  with  catheter  left  in  place  pro- 
duces vomiting  in  twenty-five  minutes. 
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Experiment  26.  Yellow  and  white  dog,  10  kilos.  Irrigation  of 
posterior  urethra  with  0.1  per  cent  apomorphin  hydrochloride  produces 
vomiting  in  five  minutes. 

Irrigation  of  anterior  urethra  on  another  day  with  the  same  per  cent 
solution  is  followed  by  vomiting  in  seven  minutes. 

Introduction  of  10  cc.  0.1  per  cent  solution  of  apomorphin  hydro- 
chloride into  the  bladder  with  catheter  left  in  place  is  not  followed  by 
vomiting  for  an  hour. 

DISCUSSION 

From  the  above  described  experiments  it  will  be  seen  that  the 
bladder  and  the  urethra  differ  greatly  in  their  absorptive  power 
for  apomorphin  and  morphin.  That  this  is  also  true  in  case  of 
other  drugs  and  poisons  will  be  shown  in  the  next  communica- 
tion on  the  subject.  This  difference  in  the  absorptive  power 
between  the  two  organs  is,  as  far  as  the  author  has  been  able  to 
gather  from  the  empirical  observations  of  clinicians,  probably 
also  true  in  clinical  experience.  How  this  difference  in  the 
absorptive  pow^ers  between  the  urethra  and  the  bladder  is  to  be 
explained  is  not  altogether  clear;  but  the  fact  that  the  bladder  is 
devoid  of  glands  on  the  one  hand,  and  the  urethra  contains 
numerous  glands,  on  the  other,  is  probably  at  least  in  part 
responsible  for  the  phenomenon. 

Equally  interesting  both  from  the  scientific  and  the  practical 
clinical  point  of  view  is  also  the  difference  in  the  rapidity  of 
absorption  of  apomorphin  and  morphin  between  the  anterior 
and  posterior  portions  of  the  urethra.  This  difference  is  really 
more  marked  than  is  at  first  seen  from  the  illustrative  protocols 
given  above,  for  it  must  be  borne  in  mind  that  the  total  mucous 
surface  of  the  posterior  urethra  is  much  less  than  the  total 
mucous  area  of  the  anterior  one  so  that  even  if  vomiting  were 
produced  by  the  same  solution  in  the  same  time  from  both 
portions  of  the  urethra,  it  could  be  argued  that  even  in  such  a 
case  the  absorption  from  the  posterior  urethra  was  more  rapid. 
The  explanation  of  this  phenomenon  is  also  not  quite  clear,  but 
it  is  suggested  that  it  may  at  least  in  part  be  due  to  the  absorp- 
tion through  the  prostatic  ducts  opening  into  the  posterior 
urethra. 
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SUMMARY 

1.  Apomorphin  and  morphin  offer  a  convenient  method  for 
the  study  of  absorption  from  the  bladder  and  the  urethra  in  the 
unanesthetized  animal. 

2.  Absorption  of  apomorphin  and  morphin  from  the  bladder 
is  very  slow. 

3.  Absorption  of  apomorphin  and  morphin  from  the  urethra 
is  very  marked  and  rapid. 

4.  Absorption  from  the  posterior  portion  of  the  urethra  is 
more  efl&cient  and  rapid  than  from  the  anterior. 

5.  The  above  observations  are  of  interest  not  only  from  a 
purely  pharmacological  point  of  view,  but  also  from  the  clinical. 
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WAR  NEPHRITIS^ 

P.  AMEUILLE 

Translated  from  the  French  by 

HERMAN  O.  MOSENTHAL 

During  the  years  which  immediately  preceded  the  war  the 
study  of  chronic  nephritis  was  productive  of  significant  results. 
The  part  played  by  hypertension  and  the  faulty  eUmination  of 
chlorides  and  nitrogenous  residue,  and  the  pathological  physi- 
ology and  symptomatology  entailed  by  the  retention  of  these 
waste  products  have  been  elaborated  in  great  detail.  The  in- 
vestigations dealing  with  acute  nephritis  are  relatively  few  in 
number,  and  the  description  of  this  disease  is  much  less  accu- 
rate, because  such  cases  are  comparatively  rare  during  times  of 
peace.  We  know  that  the  acute  nephritides  may  be  divided  into 
two  groups :  secondary  acute  nephritis  and  primary  acute  nephritis. 

The  cases  of  secondary  acute  nephritis  usually  manifest  them- 
selves either  during  the  course  of  or  following  an  infectious  or 
toxic  disease.  In  these  instances,  the  relation  of  cause  and  effect 
is  clear.  The  nephritides  of  scarlet  fever,  diphtheria,  syphilis, 
pregnancy,  and  certain  other  acute  intoxications  are  well  known. 

The  cases  of  primary  a^ute  nephritis  are  independent  of  any 
known  cause,  including  those  mentioned  in  the  previous  paragraph. 
In  order  to  be  certain  with  which  form  of  acute  nephritis  we  are 
dealing,  it  is  necessary  to  eliminate  all  possible  etiological  factors, 
such  as  intoxications  or  infections  (latent  syphilis,  mild  scarlet 

'  This  article  was  originally  published  under  the  title  of  "Les  Nephrites  de 
Guerre,"  in  the  Revue  de  Pathologie  de  Guerre,  No.  5  (Vigot,  Editeur).  It  con- 
tains much  that  is  of  very  timely  interest  and  the  translation  should  be  an  aid 
to  a  more  thorough  understanding  of  the  relation  of  the  present  war  to  nephritis 
and  in  furthering  an  appreciation  of  the  methods  by  which  the  French  physicians 
are  handling  this  problem.  The  proper  authorization  to  publish  this  article  in 
English  has  been  obtained.  Two  figures,  illustrating  microscopical  lesions  in 
the  kidney,  could  not  be  reproduced  satisfactorily,  and  have  been  omitted. 
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fever,  unrecognized  diphtheria).  If  none  of  these  exist,  it  is 
possible  to  make  a  diagnosis  of  "  cryptogenetic"  primary  acute 
nephritis.  These  are  the  cases  that  have  assumed  an  entirely 
disproportionate  importance  during  the  course  of  the  war,  and 
it  is  to  them  only  that  we  wish  to  devote  our  attention. 

In  times  of  peace,  primary  acute  nephritis  is  generally  believed 
to  be  the  result  of  exposure  to  cold.  From  the  clinical  point  of 
view,  this  is  a  nephritis  characterized  by  a  large  amount  of 
albumin  in  the  urine,  marked  edema,  often  hematuria,  and  at 
times,  anuria. 

It  is  not  very  common  in  the  reports  of  St.  Bartholomew's 
Hospital,  dealing  with  7000  annual  medical  admissions.  Sir 
Wilmot  Herringham,  in  summarizing  these  reports,  notes  a  total 
number  of  166  cases  of  acute  nephritis  during  a  period  of  nine 
years.  This  constitutes  about  2.6  eases  of  acute  nephritis  for 
every  1000  medical  admissions.  If  only  the  male  patients  of 
military  age  are  taken  into  consideration,  as  we  are  doing  under 
the  present  circumstances,  the  proportion  is  even  lower.  Rec- 
ords of  the  Parisian  hospitals  show  a  still  smaller  proportion. 
In  summarizing  the  situation,  it  would  seem  that  people  of  mili- 
tary age  do  not  give  evidence  of  acute  nephritis  in  more  than  2 
per  thousand  of  medical  cases  during  times  of  peace.  Since  the 
beginning  of  the  war,  this  proportion  has  increased  to  a  very 
considerable  degree.  In  our  first  article  on  the  subject,  in  No- 
vember, 1915,  we  estimated  that  there  were  more  than  1  per 
cent. of  these  cases.  The  incidence  of  this  disease  has  increased 
considerably  since.  It  is  neither  possible  nor  justifiable  at  this 
juncture  to  give  exact  percentages,  but  one  can  form  an  estimate 
from  the  statistics  published  up  to  the  present.  Including 
June,  1915,  1062  cases  had  been  observed  in  the  English  army. 
The  papers  of  Abercrombie  and  Sir  J.  Rose  Bradford  deal  with 
more  than  500  cases.  The  latter  has  himself  examined  1450 
cases.  I  have  not  observed  more  than  200,  although  I  have  had 
as  many  as  36  at  once  in  a  "service  d'ambulance."  These  fig- 
ures speak  for  themselves,  and  it  is  not  astonishing  to  see  how 
frequently  the  prevalence  of  acute  nephritis  has  impressed  those 
who  have  been  able  to  observe  it.     Sir  William  Osier  calls  it 
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"infectious  epidemic  nephritis,"  and  says  that  "it  is  a  disease 
which  we  have  not  seen  previously."  Abercrombie,  speaking 
before  the  Royal  Medical  Society,  declares  that  it  has  caused 
great  anxiety  among  those  who  are  working  on  the  French  front. 

In  the  Enghsh  army  the  number  of  pubUcations  regarding  this 
subject  are  accumulating  rapidly.  It  was  first  studied  in  a  re- 
port of  Colonel  Beveridge;  it  has  been  proposed  as  a  subject  for 
study  by  the  "Medical  Research  Committee;"  it  was  discussed 
during  an  entire  session  of  the  "Royal  Medical  Society."  The 
Imperial  and  Royal  Society  of  Physicians  of  Vienna  devoted 
much  time  to  it  in  the  course  of  the  year  1915,  and  if  any  opinion 
can  be  formed  from  the  mmaber  of  enemy  pubHcations  which 
have  reached  us  up  to  the  present  time,  the  disease  is  very  fre- 
quent among  them.  The  first  paper  pubUshed  in  France  is  with- 
out doubt  that  of  Parisot  and  myself;  this  was  read  before  the 
Academy  of  Medicine  on  November  10,  1915.  Since  then, 
studies  on  the  subject,  pubUshed  or  in  manuscript,  have  been 
completed  at  various  other  parts  of  the  French  front. 

The  large  number  of  cases  studied,  and  the  new  facts  regard- 
ing the  classification  of  nephritis,  obtained  during  pre-war  times, 
have  cleared  up  many  points  in  regard  to  the  clinical  aspects  of 
acute  nephritis.  The  more  important  question  of  etiology  is, 
unfortunately,  not  as  well  answered.  Many  curious  facts  stand 
out  in  the  histories  obtained  from  these  individuals,  but  it  is  not 
possible  to  group  them  so  as  to  make  the  evidence  point  towards 
one  or  several  infections  or  intoxications  as  the  cause  or  causes 
of  this  disease.  The  question  of  ultimate  prognosis  is  still  un- 
solved. This  may  be  attributed  to  the  comparatively  recent 
occurrence  of  this  condition,  to  the  fact  that  many  of  these  pa- 
tients have  not  yet  recovered,  and  also  to  the  lack  of  cooperation 
between  the  different  doctors  of  the  armies  of  the  interior.  In 
order  to  progress,  it  is  necessary  first  to  study  the  clinical  symp- 
toms of  war  nephritis,  and  subsequently,  after  such  data  have 
been  brought  together,  to  speculate  as  to  its  etiology. 

From  a  clinical  point  of  view,  war  nephritis  is  not  constant  in 
its  symptomatology;  most  authors  have  described  a  nephritis 
with  edema.     This  is  the  most  common  form  and  the-  one  most 
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easily  diagnosed.  Sometimes,  however,  it  passes  unnoticed  on 
the  first  examination  (those  who  understand  the  actual  condi- 
tions under  which  the  first  examination  is  made  will  easily  grasp 
the  reason  for  this).  In  several  descriptions  it  is  pointed  out, 
without  insistence  on  the  fact,  that  acute  nephritis  without  edema 
may  exist.  These  instances  are  not  very  frequent,  but  if  they 
are  studied  closely,  it  is  found  that  they  have  certain  interesting 
peculiarities:  they  are  almost  invariably  febrile,  accompanied 
by  more  or  less  marked  signs  of  uremia,  and  characterized  by 
difficulty  in  the  excretion  of  nitrogenous  substances.  They  de- 
serve to  be  placed  in  a  separate  category,  under  the  name  of 
pure  azotemic  nephritis.  This  qualification  is  necessary  since  the 
cases  of  nephritis  with  edema  are  constantly  azotemic,  at  least, 
during  the  first  few  days  of  the  disease.  The  difficulty  in  elimi- 
nating nitrogen  appears  to  be  fundamental  in  the  pathological 
physiology  of  these  nephritic  patients.  It  is  possible  that  edema, 
and  at  times  hypertension,  may  be  superadded  in  these  cases, 
but  I  have  never  found  a  purely  edematous  nephritic  nor  a  single 
purely  hypertensive  one. 

The  very  few  autopsies  thus  far  performed,  indicate  that  the 
anatomical  picture  of  war  nephritis  is  rather  new  and  particu- 
larly interesting.  It  is,  above  all,  an  acute  interstitial  nephritis. 
In  attempting  a  systematic  clinical  anatomical  classification, 
one  can  only  regret  the  uncertainty  as  to  the  etiology  of  these 
types  of  nephritis. 

The  study  of  war  nephritis  in  this  paper  will  be  divided  into  the 
following  chapters : 

1.  Acute  nephritis  with  edema. 

2.  Pure  azotemic  acute  nephritis. 

3.  Prognosis. 

4.  Pathology. 

5.  Etiology. 

ACUTE   NEPHRITIS   WITH   EDEMA 

Acute  nephritis  with  edema  is  the  most  striking  clinical  form  of 
acute  renal  disease.  During  times  of  peace  it  constitutes  a  well- 
known  clinical  entity:  everyone  knows  the  anasarca  of  scarlet 
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fever,  the  acute  edematous  nephritis  of  secondary  syphiHs,  and 
even  (although  it  may  be  rare)  acute  edematous  nephritis  with- 
out appreciable  cause,  which  is  supposedly  brought  about  by 
exposure  to  cold.  The  types  without  edema,  of  which  mention 
will  be  made  further  on,  have  been  less  frequently  observed. 

It  is  the  acute  nephritis  with  edema  which  has  almost  entirely 
monopoUzed  the  attention  of  army  physicians  since  the  begin- 
ning of  the  present  campaign.  Foreign  authors  mention 
scarcely  any  other  form  of  nephritis,  and  this  is  true  of  some 
French  investigators.  This  proves  without  doubt  that  anasarca 
furnishes  certain  very  striking  characteristics  on  which  the  hur- 
ried or  superficial  observer  concentrates  his  entire  attention. 
It  may  also  be  assumed  that  it  is  the  form  of  nephritis  the  most 
frequently  met  with.  In  my  personal  statistics,  almost  90  per 
cent  of  the  cases  are  of  this  type. 

Mode  of  onset.  It  is  characteristic  of  the  war  nephritides  that 
they  come  on  independently  of  any  previous  disease  and  are 
brought. about  by  no  apparent  cause.  It  is  for  this  reason  that 
Parisot  and  I  have  described  them  as  crptogenetic.  In  most  in- 
stances, no  information  can  be  derived  from  the  histories.  Nev- 
ertheless, I  have  several  times  found  among  my  patients  that 
the  first  symptom  dates  from  a  sore  throat,  occurring  in  the 
course  of,  or  following,  a  fever.  It  is  possible  to  state  that  this 
throat  affection  was  not  caused  by  diphtheria,  nor  was  it  second- 
ary to  scarlet  fever.  The  doctors  of  the  English  army  note  the 
frequency  of  initial  bronchitis.  Exposure  to  cold  is  often  spoken 
of.  The  German  authors  consider  this  a  common  and  impor- 
tant cause.  Seventy  per  cent  of  the  patients  observed  by  Bruns 
attributed  their  illness  to  it,  and  Chiari  claims  that  it  was  almost 
constant  among  his  230  patients.  In  my  experience,  especially 
during  the  month  of  August,  this  factor  did  not  play  as  much  of 
a  role  as  in  the  cases  of  Bruns  and  Chiari.  It  must  be  remem- 
bered that  at  the  onset  of  the  disease  there  is  sometimes  a  period 
of  general  malaise,  associated  with  chilly  sensations  or  true 
chills,  from  which  the  patient  receives  the  impression  of  having 
been  exposed  to  cold. 
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Many  cases  seem  to  have  a  febrile  onset.  Hogarth,  in  the 
tables  included  in  his  monograph,  points  out  that  this  occurs 
frequently.  I  observed  a  slight  elevation  of  temperature,  a 
little  above  38°C.  (100.4°  F.)  in  some  patients  at  the  time  of 
admission,  but  the  temperature  returned  to  normal  as  soon  as 
the  patient  had  remained  in  bed  for  twenty-four  hours.  It  may 
be  concluded,  therefore,  that  at  the  onset  of  an  acute  edema- 
tous nephritis  there  is  often  a  febrile  period  of  short  duration, 
which  may  possibly  be  a  constant  factor,  and  which  because  of 
its  short  duration  and  of  its  moderate  degree,  may  often  pass 
unnoticed.  If  this  initial  febrile  period  could  be  demonstrated 
as  constant,  it  would  constitute  a  strong  argument  for  the  in- 
fectious origin  of  war  nephritis.  It  is  probably  to  this  fact  that 
Schneyer  alludes  when  he  says  that  in  70  per  cent  of  the  cases 
there  is  a  brief  febrile  period  before  the  onset  of  edema.  He 
regards  this  phenomenon  as  indicating  the  presence  of  influenza, 
and  seems  to  consider  war  nephritis  identical  with  the  nephritis 
secondary  to  influenza.  Inasmuch  as  the  description  of  influenza 
has  been  applied  to  a  large  group  of  febrile  diseases,  which 
have  not  been  definitely  classified,  the  opinion  of  Schneyer  is 
of  no  more  than  passing  interest. 

Very  frequently  the  onset  of  acute  edematous  nephritis  is  char- 
acterized by  pain.  The  patient  remembers  having  had  a  head- 
ache— or  at  least  his  head  felt  heavy — pains  in  the  lumbar  re- 
gion so  severe  that  they  interfered  with  his  ability  to  carry  his 
pack,  or  muscular  pains  in  the  limb,  especially  the  legs.  Con- 
sequently the  soldier  falls  out  of  line,  being  completely  prostrated. 

Others,  however,  are  affected  first  with  respiratory  disturb- 
ances, dyspnea  on  exertion,  or  attacks  of  paroxysmal  dyspnea. 
In  the  English  army,  the  onset  has  frequently  been  characterized 
by  bronchitis  with  a  dry  cough,  a  phenomenon  which  I  have 
never  encountered;  and  also  by  a  pseudo-peritoneal  onset,  with 
abdominal  pain  and  vomiting,  which  I  have  observed  on  only  one 
occasion,  and  this  in  an  English  soldier.  In  some  instances,  the 
first  symptom  noted  is  hematuria;  this,  however,  is  often  not 
reported  to  the  physician  in  charge.  It  is  almost  invariably  the 
edema  which  first  attracts  attention,  particularly  the  edema  of  the 
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face,  which  is  so  prominent  that  the  usual  course  of  events  is  as 
follows:  On  awaking,  the  patient  feels  his  face  drawn,  has  trouble 
in  opening  his  eyes,  and  when  he  goes  out  into  the  light  his  com- 
panions make  fun  of  his  curious  change  of  countenance.  At  the 
onset  the  swelling  ahnost  always  disappears  by  degrees  during 
the  course  of  the  day,  to  reappear  the  next  morning,  and  it  is 
sometimes  only  at  the  end  of  two  or  three  days  of  edema  that  the 
soldier  consults  a  physician.  The  examination  of  the  urine 
reveals  a  marked  albuminuria  and  the  patient  is  invalided  to  the 
rear. 

Analysis  of  symptoms.  Edema.  Edema  appears  most  fre- 
quently in  the  face;  at  least,  it  is  here  that  the  men  as  a  rule  first 
notice  it.  Possibly  the  other  parts  of  the  body  may  escape  ob- 
servation, since  the  men  take  off  their  clothes  only  at  rare  in- 
tervals. It  involves  the  cheeks,  the  tissues  about  the  eyes,  and 
often  the  eyelids.  At  the  onset,  also,  the  external  genital  organs 
often  show  a  transient  edema.  The  parts  which  are  distended 
to  the  greatest  degree,  and  in  which  the  swelling  lasts  the  longest, 
are  the  lower  limbs  and  the  lumbar  region.  In  the  most  pro- 
nounced cases,  the  arms  are  also  involved,  and  the  backs  of  the 
hands  and  the  fingers  are  swoUen.  The  edema  of  acute  nephritis 
is  soft,  and  on  compression  shows  a  deep  and  persistant  pitting. 
It  is  a  pale  edema,  and  in  the  legs  this  characteristic  serves  to 
distinguish  it  from  other  forms  of  edema  occurring  under  present 
conditions.  The  edema  accompanying  frozen  feet  is,  at  least 
during  the  inflammatory  stage,  red,  fairly  hard,  thick  and  pain- 
ful. In  the  face,  as  well,  the  edema  of  this  form  of  nephritis 
is  pale.  It  is  particularly  during  reabsorption  of  the  swelling 
that  the  following  fact  can  be  observed:  when  the  edema  of  the 
face  has  disappeared  completely,  the  face  becomes  more  highly 
colored  and  pigmented  in  a  very  striking  manner,  and  the  facies 
undergoes  a  complete  change.  At  first  I  thought  that  the  dis- 
coloration at  the  onset  of  the  illness  was  due  to  an  acute  anemia, 
and  possibly  to  the  hydremia  brought  about  by  the  retention  of 
water  and  chlorides.  Observations  made  by  MacLeod  and 
myself  on  the  red  blood  corpuscles  and  the  oxyhemoglobin  have 
shown  the  same  values  during  the  period  when  the  face  was  pale 
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as  when  it  was  highly  colored.  It  would  follow  that  this  initial 
discoloration  was  due  in  greater  part  to  the  emptying  of  the  blood 
vessels  of  the  skin.  It  seems  to  me  that  difference  in  the  color 
depends  less  on  the  amount  of  blood  in  the  cutaneous  vessels 
than  on  the  presence  in  the  skin  of  more  or  less  of  its  usual 
pigments.  In  other  words,  it  would  seem  that  at  the  period  of 
convalescence  from  this  disease,  the  face  does  not  become 
flushed,  but  pigmented.  It  is  well  recognized  that  the  edema 
varies  considerably  during  the  course  of  the  illness.  At  the 
onset,  neither  diet  nor  the  use  of  diuretics  prevents  its  develop- 
ment. A  salt-free  diet  and  theobromin  cause  some  variation  in 
its  intensity.  Thus,  even  though  the  treatment  is  adequately 
controlled,  there  may  be  inexplicable  variations  in  the  same 
patient.  No  specific  laboratory  researches  on  the  edematous 
fluids  which  we  are  about  to  describe  have  been  attempted. 

Involvement  of  the  serous  membranes.  When  the  edema  is  very 
slight  and  transient,  the  serous  membranes  are  not  involved  to  an 
appreciable  degree.  If  the  anasarca  is  well  marked,  fluid  may 
be  demonstrated  in  the  body  cavities.  Such  accumulations  of 
fluid  do  not  seem  to  me  to  be  very  extensive ;  the  pleural  transu- 
dates were  never  greater  than  1  litre.  They  were  often  bilateral, 
but  not  necessarily  equal  on  the  two  sides.  The  transudate  on 
the  one  side  was  always  considerably  greater  than  on  the  other. 
When  a  needle  was  inserted  into  the  pleural  cavity,  fluid  poured 
out  without  the  use  of  suction.  This  does  not  occur  with  pleu- 
ritic effusions.  The  cause  of  this  phenomenon  is  not  a  greater 
pressure  within  the  pleural  cavity,  but  a  diminished  viscosity 
of  the  fluid.  Furthermore,  these  fluids  in  the  pleural  cavity 
differ  from  the  inflammatory  exudate  in  that  they  are  more 
mobile,  frequently  do  not  coagulate,  and  are  almost  always 
colorless,  being  as  free  from  color  and  as  clear  as  the  spinal  fluid. 
Microscopic  examination  reveals  the  presence  of  a  large  num- 
ber of  epithelial  cells,  resulting  from  pleural  desquamation,  and 
the  presence  of  red  blood  cells.  Sodium  chloride  and  urea  were 
present  in  the  same  proportion  as  in  the  blood  serum.  The 
pleural  exudates  are  absorbed  rapidly  and  disappear  as  soon  as 
the   subcutaneous   edema.     Nevertheless,    there   are   two   phe- 
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nomena  which  seem  to  me  to  warrant  the  statement  that  they  are 
fairly  frequent:  (1)  Nearly  all  of  the  patients  that  have  anasarca 
with  pleural  transudates  show  gastric  distension.  It  has  not, 
however,  been  definitely  determined  that  the  dulness  in  the 
flanks  is  due  to  the  presence  of  ascites  or  to  edema  of  the  abdom- 
inal wall.  All  autopsies  made  during  the  existence  of  anasarca 
revealed  ascites.  In  a  case  which  I  observed  with  MacLeod,  the 
ascitic  fluid,  approximately  3  litres  in  volume,  was  frankly 
chylous,  and  contained  poorly  preserved  leucocytes,  free  fat 
globules,  and  a  pure  culture  of  streptococcus.  In  a  single  in- 
stance, with  enormous  edema  of  the  legs,  I  was  able  to  demon- 
strate the  presence  of  fluid  in  both  knees.  The  spinal  fluid  seemed 
to  me  to  be  under  increased  pressure  in  two  cases  in  which  I 
performed  lumbar  puncture.  The  urea  contained  in  the  spinal 
fluid  was  of  the  same  concentration  as  that  in  the  blood  serum. 
In  the  case  of  Mackenzie  WalUs,  I  found  2  cgm.  of  urea  per  litre 
in  the  blood  serum  and  4  in  the  spinal  fluid;  in  one  of  my  cases, 
80  in  the  serum  and  56  in  the  spinal  fluid.  The  duration  of  the 
edema  has  been  generally  misjudged  because  of  faulty  observa- 
tions. Nearly  all  observers  have  regarded  it  as  of  extremely 
short  duration.  Sir  William  Osier  says:  "A  large  number  of 
men  do  not  show  edema  except  for  one  or  two  days — there  are 
only  a  few  examples  of  general  anasarca."  I  am  under  the  im- 
pression that  among  the  patients  whom  I  have  examined,  general 
anasarca  is  fairly  frequent,  that  it  exists  in  at  least  25  per  cent 
of  the  cases,  and  that  the  edema  lasts  a  rather  long  time.  If, 
instead  of  relying  entirely  on  inspection  and  on  the  sign  of 
pitting  on  compression  (which  indicate  only  superficial  and 
marked  edema  in  the  area  tested),  the  weight  of  the  patient  is 
used,  a  much  more  exact  knowledge  of  the  amount  of  edema  and 
its  duration  may  be  had.  Nearly  all  of  our  patients,  when 
they  were  given  a  salt-free  diet  and  theobromin,  lost  at  least 
10  kgm.  in  weight.  Thirty  per  cent  lost  15  kgm.  or  more,  and 
in  one  instance  I  observed  a  loss  of  19  kgm.  Except  in  the  cases 
of  threatening  uremia,  which  call  for  a  fluid  diet,  the  patients 
were  put  on  a  liberal  salt-free  diet  (beefsteak,  potatoes,  salt-free 
bread,  preserves).     There  is,  however,  no  ground  for  claiming 
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that  emaciation  occurred.  In  several  cases,  the  weight  con- 
tinued to  increase  in  spite  of  the  fluid  diet ;  in  others,  it  remained 
stationary  under  the  same  conditions.  In  nearly  every  case, 
theobromin,  if  given  in  sufficiently  large  doses,  caused  the  weight 
to  diminish.  I  have  given  as  much  as  5  grams  a  day,  but  any- 
thing in  excess  of  3  grams  is  often  poorly  tolerated. 

The  decrease  in  weight  may  be  extremely  rapid.  Some  cases 
lost  1.5  kgm.  per  day  for  more  than  a  week.  Others  lose  their 
fluid  more  slowly,  at  the  rate  of  about  500  grams  per  day.  A 
fixed  minimal  weight  is  obtained  in  an  average  of  fifteen  days. 
The  cure  may  be  permanent  or  there  may  subsequently  be  a 
rapid  increase  in  the  weight  which  cannot  be  explained.  The 
resumption  of  salt-containing  food  is  naturally  always  accom- 
panied by  an  increase  in  the  weight  amounting  to  2  or  3  kgm. 
in  two  or  three  days.  I  believe,  on  empirical  grounds,  that  a 
greater  increase  ijn  weight  and  one  that  lasts  longer  is  the  sign  of 
too  rapid  return  bf  salt  in  the  diet.  When  it  occurs,  it  becomes 
necessary  to  do  without  salt  in  the  food  and  to  resume  it  only 
at  the  end  of  ten  days. 

To  summarize,  it  may  be  stated  that  the  slightest  degree  of 
edema,  from  the  clinical  point  of  view,  means  the  retention  of 
from  6  to  8  litres  of  fluid,  and  that  under  suitable  dietetic  and 
therapeutic  measures,  the  complete  disappearance  of  edema  re- 
quires at  least  ten  to  fifteen  days. 

Urine.  Except  when  hematuria  exists,  the  intensity  of  the 
color  of  the  urine  corresponds  with  its  volume.  If  the  volume  is 
large,  the  color  is  light,  and  if  the  urine  is  scant,  it  is  highly  col- 
ored, cloudy,  and  some  of  its  contents  are  precipitated.  The 
amount  varies  according  to  the  stage  of  the  disease.  At  the 
onset,  the  quantity  is  small,  but  the  daily  excretion  is  almost 
always  more  than  500  cc.  I  have  never  observed  absolute  anuria. 
Even  in  the  most  serious  cases  the  patients  void  at  least  400 
cc.  per  day.  Many  cases  show  scarcely  any  change  in  the 
volume  of  urine. 

During  convalescence,  the  daily  quantity  of  uriiie  does  not 
increase  to  a  marked  degree.  It  reaches  a  level  of  1500  or  1800 
cc.     Under  the  influence  of  theobromin,  amounts  up  to  2,  3, 
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and  even  4,  litres  have  been  noted.  If  water  is  forced,  still  more 
marked  diuresis  may  be  obtained.  In  one  of  my  cases,  I  brought 
about  a  diuresis  of  as  much  as  12  litres  per  day.  It  is  well 
known  that  in  a  normal  subject,  with  theobromin  and  with  a 
large  water  intake,  analogous  amounts  of  urine  may  be  secreted. 
This,  however,  cannot  be  accomplished  in  war  nephritis  except 
in  certain  stages  of  the  disease:  the  period  at  which  the  perme- 
ability of  the  kidney,  at  least  the  permeability  to  water,  beconie's 
normal.  Summarizing  the  situation,  it  may  be  said  that  at  the 
onset  and  in  the  serious  cases,  for  several  days,  the  administration 
of  theobromin,  even  in  large  doses,  has  no  influence  on  the  quan- 
tity of  urine  secreted.  Giving  large  amounts  of  water  has  no 
other  influence  than  to  increase  the  edema.  There  is  in  the 
early  stages  of  an  acute  nephritis  an  irreducible  impermeability 
of  the  kidney,  which  in  some  instances  becomes  more  marked 
as  the  disease  progresses. 

At  the  onset,  the  urine  contains  an  enormous  quantity  of  albu- 
min; heating  produces  a  solid  white  cloud,  and  sometimes  the 
urine  literally  boils  solid.  I  know  of  no  case  in  which  the  initial 
albuminuria  was  less  than  2  grams  per  litre,  and  in  many  cases 
it  was  over  20  grams.  An  albuminuria  does  not  follow  the  law 
of  regular  and  progressive  diminution,  as  the  other  symptoms  do. 
It  persists  longer  than  the  edema  and  the  other  functional  dis- 
turbances. It  does  not  disappear  in  all  cases,  and  even  when  it 
does,  it  may  reappear  without  apparent  cause,  and  without  im- 
pairing in  any  way  the  functional  efficiency  of  the  kidney.  It 
has  no  relation  to  renal  function,  but  it  remains  a  long  time  as  a 
sign  of  acute  renal  disease.  The  chemical  characteristics  of  the 
albumin  eliminated  during  acute  nephritis  have  been  thoroughly 
studied  by  Mackenzie  Wallis.  The  tests  show  definitely  that  it 
is  composed  of  the  usual  serum  albumin  and  globulin,  such  as  is 
generally  found  with  inflammatory  lesions  of  the  kidney.  Other 
proteins  are  not  present  (nucleo-proteins,  mucins,  Bence  Jones 
proteins,  albumoses,  peptones).  The  optic  properties  of  these 
urines  as  determined  by  the  polariscope  are  similar  to  those  of 
albuminous  urines,  characteristic  of  the  nephritides.  That  is, 
there  is  an  absence  of  any  rotation.    The  serum  albumin  is  always 
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in  excess,  as  compared  to  the  serum  globulin;  the  proportion  is 
as  5  or  6  to  1.  These  figures  are  the  same  as  have  been  demon- 
strated in  all  the  nephritides. 

English  physicians  have  paid  much  attention  to  casts  and  have 
attached  great  importance  to  them.  J.  Rose  Bradford,  in  re- 
cording 1455  observations,  maintains  that  casts  were  found  in 
794  cases,  that  they  were  not  demonstrated  in  507  cases,  and 
not  looked  for  in  154.  He  considers  their  presence  so  important 
that  he  gives  no  attention  in  his  description  to  those  cases  in 
which  the-  casts  were  absent.  Mackenzie  Wallis  has  found  gran- 
ular casts;  a  little  more  frequently,  hyalin  and  epithelial  cell 
casts;  rarely,  fatty  and  blood  casts.  The  most  important  con- 
clusion to  be  derived  from  these  statistics  seems  to  be  the  in- 
constancy of  the  presence  of  the  casts.  In  my  experience  they 
have  been  absent  in  60  per  cent  of  the  cases.  This  observation 
robs  the  symptom  of  most  of  its  value.  On  the  other  hand,  I, 
as  well  as  Mackenzie  Wallis,  have  noticed  on  centrifuging,  the 
constant  presence  of  a  cellular  layer.  In  this  layer  there  are 
some  large  cells  with  round  nuclei,  either  clear  or  pyknotic. 
These  are  epithelial  cells  from  the  urinary  passages  or  from  the 
kidney  itself.  I  shall  explain  their  origin  in  the  discussion  of  the 
pathological  anatomy.  The  most  constant  finding  is  a  large 
number  of  polynuclear  leucocytes.  I  believe  that  the  presence 
of  a  large  number  of  polynuclear  leucocytes  in  the  urine  has  not 
often  been  pointed  out  in  the  course  of  acute  nephritis.  In  war 
nephritis  it  is  constant,  at  least  in  the  early  stages  of  the  dis- 
ease, and  the  pathological  anatomy  will  give  us  the  reason 
therefor.  M.  Wallis  has  noted  it  in  several  cases  of  scarlatinal 
nephritis.  Pasteur  Vallery-Radot  has  pointed  out  to  me  that 
similar  phenomena  have  been  observed  in  the  acute  exacerba- 
tions which  have  occurred  in  the  course  of  chronic  nephritis. 
Many  others  have  considered  hematuria  as  a  common  symptom 
in  war  nephritis.  Certain  German  monographs  characterize  it  as 
"hematuric"  war  nephritis.  I  believe  that  the  microscopic 
presence  of  red  blood  cells  is  common,  but  that  macroscopic 
blood  is  rare.  I  found  the  latter  in  only  6  per  cent  of  my  cases. 
These  include  not  only  the  urines  which  are  frankly  blood- 
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colored,  but  also  those  usually  characterized  as  "smoky,"  as 
well  as  those  having  a  brownish-red,  flocculent  precipitate,  in 
which  the  microscopical  or  chemical  examination  revealed  the 
presence  of  blood.  In  most  instances,  hematuria  is  an  initial 
symptom,  and  its  duration  is  as  long  as,  or  possibly  less  than,  the 
period  of  irreducible  impermeability  of  the  kidney.  In  other 
cases  it  is  secondary,  and  persists  even  when  the  edema  has 
disappeared.  In  two  cases  I  saw  it  persist  while  hypertension, 
which  subsequently  became  permanent,  set  in.  No  relation 
seems  to  exist  between  hematuria  and  the  intensity  of  the  ne- 
phritis, nor  with  its  ultimate  outcome.  M.  Wallis  noticed  a 
phenomenon  to  which  his  special  studies  have  given  a  certain 
degree  of  importance — namely,  the  diminution  in  the  diastatic 
activity  of  the  urine,  as  tested  by  starch  solutions  of  known 
strength.  By  his  method,  he  found  that  the  urine  of  normal 
individuals  yielded  results  which  he  expressed  by  the  figures  of 
10  to  22.2  units.  In  all  cases  of  chronic  or  acute  nephritis,  the 
results  were  much  lower,  being  0  to  5  units.  He  makes  an 
exception  of  the  albuminurias  of  pregnancy,  in  which  the  urines 
maintain  a  more  marked  diastatic  activity.  He  has  examined 
about  50  cases  of  war  nephritis,  31  of  which  had  a  very  much 
diminished  diastatic  activity,  and  5  showed  none  at  all.  The 
other  19  cases  were  convalescents,  in  whom  he  found  figures 
equivalent  to  the  low  normal.  In  summarizing,  two  points  are 
to  be  emphasized:  In  the  first  place,  the  large  amount  of  albu- 
min during  the  first  days  of  the  illness;  in  the  second  place,  the 
constant  presence  at  the  same  time  of  polynuclear  neutrophiles 
in  the  centrifuged  urine. 

Blood  pressure.  The  determination  of  blood  pressure  is  an  in- 
dispensable aid  in  studying  the  clinical  picture  of  nephritis.  I 
have  insisted  upon  it,  especially  in  the  cases  of  chronic  nephritis. 
There  are  too  few  observations  regarding  it  in  the  acute  nephri- 
tides  and  especially  in  the  cases  of  war  nephritis.  The  only 
mention  of  it  which  I  have  found  in  the  literature  I  have  been 
able  to  obtain  is  the  simple  phrase  of  Osier:  "In  some  cases, 
blood  pressure,  which  comes  on  early,  and  persists,  has  been 
noted  as  out  of  proportion  to  the  principal  urinary  symptoms  of 
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the  disease;  it  remains  after  the  albuminuria  and  hematuria  have 
disappeared."  L.  Tixier  (of  Nevers)  and  I  have  attempted  to 
average  the  observations  which  we  have  made  among  our  pa- 
tients. I  do  not  discuss  them  here,  because  they  are  mentioned 
in  the  section  on  edematous  nephritis.  We  have  measured  blood 
pressure  by  the  auscultatory  method,  according  to  the  modifi- 
cation suggested  by  Tixier.  The  blood  pressure  of  soldiers  in 
good  health,  while  they  are  serving  in  the  trenches,  is  very 
variable.  The  average  of  about  100  readings  which  we  have 
made  under  the  most  varying  conditions  of  military  life,  is  about 
125  for  the  systolic  pressure  and  75  for  the  diastolic.  It  is  not 
necessary  to  consider  these  figures  as  of  more  than  relative  im- 
portance; moreover,  it  does  not  seem  possible  to  demonstrate  a 
normal  arterial  pressure  any  closer  than  10  mm.  Furthermore, 
it  appears,  as  Pierre  Menard  has  shown,  that  the  arterial  pressure 
among  the  soldiers  varies  under  different  conditions  of  war  ac- 
tivity. Finally,  among  individuals  of  the  same  age,  under  the 
same  conditions,  the  subjects  being  at  rest,  there  are  marked 
variations.  In  observations  made  on  a  division  of  French  in- 
fantry in  the  spring  of  1916,  I  found  that  the  systolic  pressures 
varied  between  112  and  155,  and  the  diastolic  from  60  to  90.  It 
becomes  necessary,  in  considering  the  cause  of  these  variations, 
to  take  into  account  the  action  of  alcohol,  coffee  and  tobacco. 
Consequently  it  is  not  possible  to  accept  as  pathological  any 
changes  except  those  which  are  marked  and  those  which  are 
persistent. 

In  the  acute  nephritis  with  edema  in  troops  in  the  field,  the 
blood  pressure  may  vary  as  follows:  (1)  It  remains  normal  or 
about  normal.  This  is  most  frequently  the  case.  (2)  A  slight 
elevation  above  the  normal.  In  those  cases  of  acute  nephritis 
complicated  by  hypertension  it  may  be  present  at  the  onset,  or 
it  may  come  on  somewhat  later  in  the  course  of  the  disease.  In 
about  90  per  cent  of  the  cases  the  blood  pressure  remained  prac- 
tically normal  from  the  beginning  to  the  end  of  the  nephritis; 
the  systolic  readings  did  not  go  above  145  and  the  diastolic 
above  95.  Among  healthy  soldiers,  without  a  sign  of  renal 
disease,  such  readings  are  constantly  found.     In  the  above  cases 
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the  blood  pressure  did  not  pass  these  Umits  during  the  period  of 
observation,  which,  for  some  of  them,  was  as  long  as  two  months. 
The  variations  of  blood  pressure  were  within  normal  limits 
during  this  period,  not  exceeding  12  to  15  mm.  of  mercury.  Simi- 
lar variations  are  observed  during  normal  health.  Neither 
the  clincial  changes,  such  as  variations  in  the  intensity  of  the 
edema,  the  accumulation  of  non-protein  nitrogenous  constitu- 
ents in  the  blood,  nor  fever,  nor  changes  in  diet,  brought  about 
any  change  in  the  height  of  blood  pressure.  The  instances  of 
acute  nephritis  with  hypertension  are  not  very  numerous,  and 
they  constitute  less  than  10  per  cent  of  all  the  cases  observed. 
It  is  necessary  to  place  them  in  two  categories:  First,  those  in 
which  the  hypertension  comes  on  with  the  onset  of  the  disease; 
and  second,  those  in  which  the  hypertension  com^  on  at  a  later 
period.  As  an  example  of  the  former,  the  following  case  may  be 
detailed:  A  soldier  had  shown  a  slight  swelling  of  the  face  and 
complained  only  of  cough  and  slight  dyspnea.  Auscultation  re- 
vealed a  gallop  rhythm  and  an  exaggeration  of  the  second  sound. 
The  blood  pressure  was  165  systolic  and  115  diastolic.  The  urine 
boiled  sohd.  There  was  a  slight  edema  about  the  ankles,  and 
he  gave  a  history  of  having  had  his  face  and  legs  markedly 
swollen  six  days  before.  The  serum  of  the  blood  contained  0.7 
gram  urea  per  litre.  The  course  of  the  disease  was  favorable 
and  the  patient  was  returned  to  active  service  after  a  month's 
convalescence.  Five  months  after  the  onset  of  the  disease  he 
still  had  a  marked  albuminuria,  and  a  blood  pressure  as  on  the 
first  observation  (that  is,  165  systolic,  115  diastohc).  This  ob- 
servation shows  that  certain  cases  of  war  nephritis  are  hyper- 
tensive from  the  beginning,  that  the  hypertension  remains  for  a 
long  time,  and  that  it  bears  no  relation  to  the  intensity  of  the 
edema  nor  to  the  amount  of  waste  products  in  the  blood.  Some 
hypertensive  nephritics  improve,  as  far  as  their  blood  pressure  is 
concerned,  under  the  influence  of  a  salt-free  diet;  that  is  to  say, 
the  blood  pressure  diminishes  under  the  influence  of  suitable 
dietetic  and  therapeutic  procedures,  at  the  same  time  that  the 
edema  disappears.  The  blood  pressure  resumes  its  high  level 
very  rapidly,  even  without  the  return  to  a  diet  containing  salt. 
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In  the  types  with  hypertension  developing  later  in  the  disease, 
the  blood  pressure  is  moderately  elevated  at  the  onset  and  in- 
creases slowly  or  rapidly  in  direct  proportion  to  the  height  of  the 
permanent  level  which  it  is  about  to  assume.  A  patient,  on  the 
third  day  of  his  disease,  yielded  the  following  readings :  systolic, 
150;  diastolic,  95.  On  the  fifteenth  day  prolonged  hematuria 
began,  and  at  this  time  the  blood  pressure  was  found  to  be  con- 
siderably raised:  systolic,  225;  diastolic,  175.  The  hematuria 
continued  with  acute  exacerbations  during  the  following  weeks, 
and  the  blood  pressure  became  somewhat  lower:  systolic,  205; 
diastolic,  165,  which  level  was  maintained  up  to  the  time  of  the 
patient's  discharge,  two  months  after  the  onset  of  the  disease. 
Even  at  this  time  there  were  marked  attacks  of  hematuria. 
These  forms  of  secondary  hypertension  have  a  certain  theoreti- 
cal importance.  One  is  tempted  to  think  that  the  acute  hyper- 
tensive nephritis,  with  its  subsequent  acute  exacerbations,  is  an 
important  factor  in  producing  a  chronic  hypertensive  nephritis. 
This  explanation  is  not  well  adapted  to  the  second  type  of 
acute  nephritis,  which  will  be  described  subsequently.  This  is 
one  of  the  reasons  why  we  believe  that  this  theory  should  be 
set  aside. 

Blood.  A  corAplete  study  of  the  blood  in  war  nephritis  would 
be  of  considerable  interest.  The  well-equipped  hematologist 
would  certainly  find  many  facts  worthy  of  observation.  Without 
mentioning  the  bacteriological  researches,  which  will  be  detailed 
in  the  section  on  the  etiology  of  nephritis,  it  must  be  admitted 
that,  in  spite  of  the  results  obtained  up  to  the  present  time,  the 
morphological  and  chemical  studies  remain  most  incomplete. 
Although  the  patients  at  the  onset  of  their  disease  exhibit  a 
striking  pallor,  often  replaced  at  the  time  of  convalescence  by  a 
particularly  dark  color  of  the  face,  and  although  a  very  marked 
edema  would  indicate  a  great  dilution  of  the  blood,  we  (McLeod 
and  I)  have  not  been  able  to  discover  any  marked  difference  in 
the  red  blood  cells  or  in  the  percentage  of  hemoglobin.  I  do  not 
know  of  any  papers  published  on  the  leucocyte  or  the  differential 
count  during  the  progress  of  the  nephritis. 

The  blood  obtained  by  venapuncture  often  coagulates  very 
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slowly.  I  have  twice  observed  the  complete  absence  of  any  re- 
traction of  the  blood  clot.  The  blood  serum  is  frequently, 
though  not  invariably,  opalescent.  The  delay  in  coagulation 
time,  the  slow  formation  or  absence  of  retraction  of  the  blood 
clot,  and  the  opalescence  of  the  blood  serum  seem  to  me  the  most 
marked  characteristics.  In  two  cases  of  acute  edematous  ne- 
phritis on  which  I  performed  the  autopsies  two  hours  after 
death,  the  peritoneum  contained  an  opalescent  fluid.  Because 
of  insufficient  f  aciUties,  I  did  not  make  any  studies  on  the  concen- 
tration of  chlorides  in  the  serum,  although  it  is  of  very  great 
importance  to  possess  data  on  this  point.  I  did,  however,  in ' 
several  instances,  determine  the  urea  content  of  the  serum. 
A  few  determinations  have  been  pubUshed  by  Mackenzie  Wallis. 
This  author  used  a  technique  which  at  present  is  not  employed 
in  France.  The  principle  of  the  method  is  based  on  the  conver- 
sion of  urea  into  ammonium  carbonate  by  the  ferment  extracted 
from  the  soy  bean — the  so-called  urease.  A  10  per  cent  solution 
of  this  ferment  in  the  presence  of  monobasic  potassium  phosphate 
is  extremely  active.  Walhs  draws  3  cc.  of  blood  into  a  test  tube 
containing  some  crystals  of  potassium  oxalate;  he  adds  3  cc.  of 
a  0.6  per  cent  potassium  phosphate  solution,  and  1  cc.  of  a  10 
per  cent  urease  solution.  The  fermentation  is  complete  in  twenty 
minutes  at  room  temperature.  The  solution  is  saturated  with 
potassium  carbonate,  and  distilled  into  a  receiver  containing  20 
cc.  of  n/oO  acid.  The  remaining  acid  is  titrated  with  n/50 
alkah,  using  alizarin  red  as  an  indicator.  The  difference  between 
the  number  of  cubic  centimeters  of  n/50  acid  used  and  the 
amount  of  alkali  required  to  bring  the  solution  to  neutral,  indi- 
cates the  amount  of  nitrogen  derived  from  urea  in  the  blood 
specimen.  Multiplying  by  the  coefficient,  0.2,  one  obtains  the 
amount  of  urea  per  htre  of  blood. 

I  have  described  this  method,  because  it  may  be  of  interest 
to  other  workers.  I  myself  have  used  the  hypobromite  method 
after  the  precipitation  of  the  proteins  of  the  serum  by  trichlor- 
acetic acid  (method  of  ^loog) .  This  method  has  been  described 
in  the  book  of  Ambard  (Fonctions  renales).  The  results  which 
I  have  obtained  are  thus  comparable  with  those  of  various  French 
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workers  on  the  concentration  of  urea  in  the  blood.  From  a 
practical  point  of  view,  the  figures  obtained  by  the  urease 
method  are  comparable  to  ours.  At  the  onset  of  acute  edema- 
tous nephritis,  the  blood  urea  is  always  abnormally  high.  A 
normal  individual  on  a  milk  diet,  or  on  a  much  reduced  diet, 
such  as  all  our  cases  naturally  receive  at  the  onset  of  the  affec- 
tion, provided  the  volume  of  urine  is  not  too  much  diminished, 
ought  not  to  have  more  than  0.50  gram  of  urea  per  litre  of 
blood.  Higher  figures  are  constantly  found  in  the  first  days  of 
an  acute  nephritis;  never  less  than  0.70  or  0.80,  and  frequently 
even  greater  values — up  to  3  grams  and  over.  In  the  mild  cases, 
the  blood  urea  returns  promptly  to  a  normal  level;  in  the  severe 
cases,  it  remains  raised  over  a  long  period.  One  of  my  cases 
maintained  a  level  of  1.35  grams  of  urea  per  litre  in  his  blood  for 
three  weeks  after  the  onset  of  his  illness.  In  this  connection  it 
should  be  remembered  that  in  the  acute  edematous  war  nephritis 
there  is  rarely  any  oliguria  except  at  the  onset;  the  daily  output 
of  urine  nearly  always  remains  normal.  Moreover,  the  concen- 
tration of  urea  in  the  urine  is  not  very  marked,  usually  varying 
between  10  and  15  grams  per  litre.  I  shall  explain  the  impor- 
tance of  these  findings  in  discussing  the  pure  azotemic  nephritis. 
In  the  majority  of  cases  the  blood  urea  returns  to  normal  by 
the  end  of  the  first  week;  in  some  it  returns  so  promptly  to  nor- 
mal, that  unless  the  blood  urea  determinations  be  performed  on 
the  first  or  second  day  of  the  disease,  no  increase  will  be  found. 
Nevertheless,  by  means  of  Ambard's  constant,  it  is  possible  to 
demonstrate  an  impairment  of  renal  function,  as  far  as  the  ex- 
cretion of  urea  is  concerned,  even  after  the  blood  urea  has  re- 
turned to  normal.  It  is  known  that  the  value  of  Ambard's  con- 
stant is  in  the  neighborhood  of  0.07.  In  all  the  cases  in  which  it 
has  been  determined,  it  remains  higher  than  0.10,  even  after  the 
disappearance  of  the  increased  blood  urea.  However,  many 
of  the  cases  are  discharged  with  a  constant  of  0.12  or  0.14.  In 
summarizing  these  findings,  it  seems  to  me  that  it  is  impossible 
to  have  an  acute  dropsical  nephritis  without  retention  of  urea 
during  the  period  of  onset  and  without  impairment  of  function 
of  urea  elimination  over  a  long  period,  the  possible  duration  of 
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which  is  not  as  yet  definitely  determined.  If  these  facts  have 
escaped  those  authors  who  have  investigated  war  nephritis,  it  is 
because  they  have  not  made  their  observations  early  enough,  or 
because  they  have  not  made  them  at  all.  It  is  important  to 
recognize  this,  because  the  seriousness  of  the  general  condition 
is  in  direct  proportion  to  the  degree  of  urea  retention.  More- 
over, this  often  persists  over  a  longer  period,  especially  when  it  is 
high  at  the  onset;  it  frequently  disappears  with  the  edema,  and 
does  not  run  in  direct  proportion  with  the  development  of 
dropsy.  It  seems  to  account  for  certain  nervous  disturbances 
(headache,  convulsions,  etc.),  paroxysmal  dyspnea  and  vomiting, 
which  are  all  observed  frequently  at  the  onset  of  an  acute  edema- 
tous nephritis. 

VarioiLs  inconstant  symptmns 

Drs.  J.  H.  Clarke  and  Fontaine  have,  at  my  instigation,  ex- 
amined the  eye-grounds  in  the  cases  of  acute  nephritis  and  have 
found  them  to  be  normal.  J.  Rose  Bradford  has  made  the 
same  observation.  There  was  only  one  case  of  transient  amau- 
rosis. 

In  the  severe  cases,  various  nervoiLS  disturbances  have  been 
noted.  There  may  be  mutterings  or  violent  delirium,  drowsi- 
ness and  convulsions.  Headache  is  usually,  if  not  always,  pres- 
ent at  the  onset,  and  its  intensity  and  duration  appear  to  be  in 
direct  proportion  to  the  persistence  of  the  azotemia. 

The  English  physicians  emphasize  the  fact  that  there  may  be 
respiratory  disturbances,  and  particularly  a  dyspnea  of  such  in- 
tensity that  they  designate  it  as  "air  hunger."  These  phe- 
nomena seem  to  be  less  frequent  among  my  own  cases. 

In  summarizing,  it  may  be  said  that  there  is  no  striking  s;yTnp- 
tom  except  edema  in  the  cases  of  acute  edematous  nephritis. 
If  the  edema  is  slight,  it  may  escape  the  notice  of  the  patient  as 
well  as  that  of  the  physician,  and  it  is  probable  that  there  is  a 
considerable  number  of  cases  of  acute  edematous  nephritis  which 
are  not  recognized.  The  other  important  symptoms  are  the 
urinary  signs,  the  changes  in  the  blood  pressure  and  the  azo- 
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temia.     Finally,  the  functional  symptoms  which  might  be  classed 
as  uremia  are  very  uncommon. 

It  is  justifiable  to  conclude,  therefore,  that  there  are  very 
mild  cases  characterized  by  transient  edema  of  the  face,  and  pos- 
sibly a  sHght  edema  of  the  ankles,  which  frequently  go  unrecog- 
nized because  of  conditions  under  which  the  men  live.  It  is  only 
by  accident  that  these  cases  are  reported  and  it  is  impossible  to 
state  whether  they  are  of  common  occurrence  or  not. 

The  mild  types  in  which  the  edema  lasts  only  for  several  days 
and  the  albuminuria  disappears  at  the  end  of  two  or  three  weeks, 
and  which  are  cured,  or  appear  to  be  cured,  in  a  month  or  six 
weeks,  seem  to  be  the  ones  that  occur  most  frequently.  It  is  not 
possible,  however,  to  be  insistent  on  the  above  statement,  be- 
cause only  a  few  of  the  cases  were  observed  in  sufficient  detail, 
or  followed  for  more  than  a  very  short  period,  so  that  neither  the 
duration  of  the  edema,  as  determined  by  weight,  nor  the  final 
outcome  of  the  albuminuria,  the  blood  pressure  and  the  elimina- 
tion of  urea  have  been  satisfactorily  determined. 

The  severe  types  develop  in  an  extremely  interesting  fashion. 
The  edema  in  these  cases  is  always  very  marked  during  the  first 
days  and  does  not  yield  to  a  salt-free  diet  or  to  theobromin.  In 
spite  of  a  fluid  diet  and  the  administration  of  medicines  in  large 
doses,  the  weight  of  these  patients  not  only  remains  unchanged 
but  often  increases.  There  is,  therefore,  a  period  of  irreducible 
dropsy  which  our  theories  of  the  formation  of  edema  do  not  ade- 
quately explain.  It  is  also  in  these  severe  cases  that  the  marked 
and  prolonged  initial  elevations  of  urea  in  the  blood,  entailing 
uremic  symptoms,  such  as  headache  and  vomiting,  are  observed. 
Finally,  it  is  in  these  instances  that  the  signs  of  nephritis  are 
found  to  persist.  These  are  notably  albuminuria,  recurrent 
edema,  arterial  hypertension  and  impairment  of  the  ability  to 
eliminate  urea. 

ACUTE    PURE    AZOTEMIC    NEPHRITIS 

The  clinical  picture  of  acute  edematous  nephritis,  which  has 
just  been  described,  bears  a  strong  resemblance  to  the  classic 
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nephritis  brought  about  by  exposure  to  cold.  If  the  signs  and 
symptoms  of  the  former  are  a  Httle  more  thoroughly  under- 
stood, it  is  because  the  large  number  of  cases  has  furnished  an 
opportunity  for  a  more  minute  study.  This  form  of  nephritis 
is  readily  diagnosed,  because  the  symptoms  are  very  definite, 
because  it  is  of  common  occurrence,  and  because  it  is  the  only 
form  which  has  been  described  or  mentioned  by  those  who  have 
dealt  with  war  nephritis;  however,  it  is  not  the  only  form  which 
may  be  observed.  Frequent  atypical  symptoms,  such  as  those 
due  to  meningeal  irritation,  delirium,  convulsions,  and  at  times 
jaundice  and  fever,  give  rise  to  an  albuminuria  which,  even  with- 
out the  presence  of  edema,  points  to  some  renal  involvement 
in  these  instances.  This  supposition  is  borne  out  by  the  pres- 
ence of  a  marked  increase  of  the  urea  in  the  blood,  even  though 
the  degree  of  albuminuria  does  not  always  sufiice  to  make  a 
positive  , diagnosis  of  nephritis.  It  is  possible,  therefore,  as 
Parisot  and  I  have  done,  to  distinguish  roughly  two  forms  of 
war  nephritis :  first,  nephritis  with  anasarca;  and  second,  azotemic 
nephritis. 

The  latter  completely  escaped  observation  until  our  pubhca- 
tions  appeared.  In  the  EngHsh  literature,  although  it  covers 
many  pages  on  the  question  of  war  nephritis,  mention  is  made 
of  nephritis  without  edema,  with  albiuninuria,  frequent  hema- 
turia and  the  infectious  symptoms  of  which  we  shall  speak  fur- 
ther on,  in  only  one  instance,  namely,  in  the  paper  written  by 
Hogarth.  He  did  not  emphasize  the  increase  of  blood  urea. 
This  is  not  to  be  wondered  at,  since  in  general  little  attention 
has  been  paid  to  this,  except  in  France.  Among  the  German 
publications  to  which  I  have  had  access,  there  is  but  a  single  com- 
munication, that  of  H.  Zondek,  which  alludes  to  the  retention  of 
nitrogen.  This  author  seems  to  consider  it  to  be  more  common 
and  more  important  than  the  retention  of  salt.  In  France, 
Merklen,  Boidin  and  Trotain,  and  R.  Mallet  have  carefully  ob- 
served and  described  a  certain  number  of  types  of  these  acute 
azotemias.  The  subdivision  of  types  has  been  made  because 
the  azotemia  brings  about  many  and  widely  divergent  clinical 
pictures. 
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The  symptoms  are  extremely  deceptive,  and  lead  to  diagnoses 
very  foreign  to  that  of  nephritis.  They  have,  nevertheless, 
been  classed  among  the  acute  renal  diseases  because  of  the  albu- 
minuria and  hematuria,  the  increase  of  urea  in  the  blood  and  the 
anatomical  lesions  of  the  kidneys  which  accompany  them.  They 
have  been  classified  as  war  nephritis  because  they  appear  at  t^ie 
front  in  abnormally  large  numbers,  and  under  the  same  conditions 
as  the  edematous  form  of  nephritis  already  described.  Since 
these  cases  of  acute  azotemic  nephritis  are  but  poorly  under- 
stood, are  difficult  to  recognize,  and  present  misleading  symptoms, 
especially  at  the  onset,  they  should  be  carefully  classified  and 
minutely  studied,  so  that  the  characteristic  features  may  become 
well  known  and  that  they  may  be  separated  from  those  diseases 
which  they  so  closely  resemble. 

Acute  azotemic  nephritis  develops  most  frequently  in  the 
guise  of  a  febrile  disease,  which  possesses  no  striking  clinical 
characteristics.  It  is  frequently  designated  as  ''fever."  The 
temperature  rises  rapidly,  more  so  than  in  typhoid  fever;  the 
daily  variations  are  frequently  much  more  marked;  at  times 
there  are  remissions,  apparently  without  cause,  of  one  or  two 
days.  The  pulse  is  rapid  and  frequently  small.  Besides  this, 
there  are  general  malaise,  a  coated  tongue,  and  obstinate  and 
frequent  attacks  of  vomiting,  which  as  a  rule  are  not  observed 
at  the  onset  of  infectious  diseases,  and  finally,  persistent  and 
severe  headache. 

In  other  cases,  a  prolonged  sore  throat,  an  acute  enteritis  and 
generalized  ecthyma  do  not  terminate  as  rapidly  as  they  should, 
and  become  complicated  with  such  symptoms  as  we  are  about  to 
describe.  However,  there  is  no  characteristic  clinical  picture, 
and  wrong  diagnoses  are  frequently  made  if  an  examination  of 
the  urine  is  neglected.  In  the  first  days  of  the  disease,  there  is 
oliguria,  most  frequently  at  a  level  of  700  or  600  cc.  of  urine 
per  day.  One  of  our  patients  with  nephritis  complicated  by 
jaundice  died  with  absolute  anuria.  The  urine  at  times  con- 
tains a  httle  or  a  good  deal  of  blood.  On  centrifuging,  there  are 
only  a  few,  or  possibly  no,  casts,  but,  on  the  other  hand,  a 
very  large  number  of  polymorphonuclear  neutrophiles  and  dif- 


WAR   NEPHRITIS  73 

ferent  sorts  of  cells  may  be  found.     These  urines  always  con- 
tain some  albumin,  and  at  times  a  very  large  amount. 

The  presence  of  albumin  in  the  urine  is  not  sufficient  to  make 
the  diagnosis  of  acute  nephritis  when  fever  exists.  Neither  the 
concentration  of  the  urine  nor  hematuria  are  pathognomonic. 
On  the  other  hand,  the  determination  of  urea  in  the  blood  fur- 
nishes a  sign  by  which  the  diagnosis  may  be  made  with  prob- 
ability, if  not  with  certainty.  At  the  onset  of  the  disease,  the 
blood  urea  is  always  markedly  raised,  being  as  high  as  2  grams 
per  litre,  and  at  times  it  surpasses  even  this  figure.  The  subse- 
quent level  which  the  blood  urea  assumes  is  in  direct  proportion 
to  the  intensity  of  the  disease,  and  in  itself  it  constitutes  an  im- 
portant prognostic  factor.  If  it  drops  rapidly,  the  general  con- 
dition improves;  usually  its  diminution  precedes  the  improve- 
ment. On  the  other  hand,  if  the  blood  urea  increases  or  is 
maintained  at  the  initial  high  level,  it  is  the  forerunner  of  a 
fatal  outcome.  Consequently,  the  increase  of  the  blood  urea  is 
a  sign  of  marked  significance,  the  crucial  symptom  of  the  dis- 
ease. It  is  interesting  to  note  that  the  patients  who  have  so 
marked  an  azotemia  have  several  weeks  after  its  disappearance 
an  increase  in  the  value  of  Ambard's  coefficient.  I  have  even 
discharged  some  of  these  cases  before  the  coefficient  had  returned 
to  normal.  Generally  speaking,  the  change  to  normal  has  oc- 
cm-red  in  about  two  weeks.  There  are  some  fulminating  types 
in  which  death  occurs  very  soon,  but  there  are  also  those  which 
are  very  benign  and  which  are  cured  in  a  few  days.  Again,  there 
are  the  cases  whose  course  is  very  much  prolonged  and  whose 
prognosis  is  always  good.  The  patients  in  the  last  class  usually 
have  a  certain  degree  of  asthenia  for  a  considerable  period.  In 
these  cases,  the  albuminuria,  the  azotemia  and  slight  elevation 
of  Ambard's  coefficient  persist  after  all  the  other  symptoms  have 
vanished,  but  even  these  abnormalities  have  a  tendency  to  dis- 
appear after  a  short  period;  for  all  these  cases  tend  to  a  com- 
plete and  probably  permanent  cure.  In  summing  up,  it  may  be 
said  that  the  clinical  picture  of  acute  azotemic  nephritis  without 
edema  is  characterized  by  marked  fever,  by  albuminuria  with  or 
without  hematuria,  and  above  all  by  an  increase  in  the  blood 
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urea.  This  very  simple  picture  often  becomes  remarkably  com- 
plex because  of  the  addition  of  secondary  symptoms.  The  sys- 
tematic examination  of  these  patients  often  reveals  acute  lesions 
in  other  organs.  These,  although  not  in  any  direct  anatomical 
relation  to  the  kidney,  are  probably  brought  about  by  the  same 
etiological  factor.  Such  lesions  may  dominate  the  clinical  pic- 
ture, and  may  not  suggest  the  examination  of  the  urine  for  albu- 
min or  the  testing  of  the  blood  for  its  urea  content ;  consequently, 
the  acute  nephritis  may  be  entirely  overlooked.  These  cases 
may  be  grouped  under  the  name  of  ''Masked  Azotemic  Ne- 
phritis." 

MASKED   ACUTE   AZOTEMIC    NEPHRITIS 

Nearly  all  the  cases  of  acute  azotemic  nephritis  should  be 
described  under  this  heading.  The  usual  diagnosis  in  these  in- 
stances at  the  first  examination  is  one  of  the  following:  "fever," 
"gastric  fever,"  or,  if  there  are  any  signs  of  organic  disease, 
however  slight,  they  frequently  serve  to  divert  attention  from 
the  kidney.  In  some  cases,  for  example,  the  patient  coughs  and 
expectorates  a  little  sputum  and  has  a  few  sonorous  rales  in  the 
chest.  In  other  instances,  stress  has  been  laid  upon  these  symp- 
toms, because  the  renal  involvement  was  not  noticed,  and  in  the 
hospital  histories  a  diagnosis  of  bilateral  pulmonary  congestion, 
or  bronchial  pneumonia,  etc.,  is  made,  until  a  more  thorough 
■examination  reveals  the  role  played  by  the  kidney.  The  most 
curious  as  well  as  the  most  disturbing  mistakes  are  those  induced 
by  the  involvement  of  the  nervous  system.  The  considerable 
headache,  the  epileptiform  seizures,  the  attacks  of  delirium  and 
the  very  marked  asthenia  during  convalescence  give  rise  to  a 
■diagnosis  of  pseudomeningitis,  convulsions,  delirium  and  myas- 
thenia, all  of  which  should  be  described  in  greater  detail.  The 
pseudo-meningitic  form  is  rather  frequent.  Severe  types  of  this 
affection,  diagnosed  as  tuberculous  meningitis,  and  having  a 
fatal  termination,  were  pointed  out  to  me  by  L.  Tixier  (of 
Nevers) ;  I  myself  have  observed  only  mild  instances.  At  the  on- 
set, the  headache  is  always  marked;  in  the  cases  under  consid- 
eration, it  becomes  intense,  causing  the  patient  to  cry  out  almost 
continuously.     There  is  stiffness  of  the  neck,  and  Kernig's  sign 
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is  present.  However,  the  temperature  is  not  much  above  nor- 
mal. In  one  of  my  cases,  it  did  not  exceed  38°C.  (100.4°  F.) 
during  the  forty-eight  hours.  The  spinal  fluid,  in  my  experi- 
ence, is  invariably  normal.  The  urine  always  contains  albu- 
min, and  the  blood  a  moderately  increased  amount  of  urea, 
varying  between  0.8  and  1.3  grams  per  litre.  The  headache  dis- 
appears as  fast  as  the  azotemia  diminishes.  The  convulsive 
form  may  be  characterized  by  only  one  attack,  coming  on  with- 
out apparent  cause;  in  other  instances  there  are  repeated  con- 
vulsive seizures.  In  the  latter  circumstance,  the  disease  is  always 
diagnosed  as  epilepsy.  The  blood  urea  remains  elevated  as  long 
as  the  .convulsions  manifest  themselves,  and  this  observation 
goes  far  to  prove  that  the  augmented  blood  urea  was  the  cause 
of  the  convulsions. 

The  form  associated  with  delirium,  as  is  always  the  case  with 
uremic  delirium,  is  not  diagnosed  except  by  those  who  have  had 
a  special  training.  A  patient  exhibiting  acute  delirium  was  sent 
as  a  psychopathic  case  to  R.  Mallet,  who  was  in  charge  of  the 
psychiatric  unit.  Mallet  recognized  the  association  of  these 
symptoms  with  azotemia.  I  had  occasion  to  observe  a  patient 
who  was  discharged  from  the  psychiatric  division  as  a  case  of 
confusional  delirium  who  was  found  to  have  a  considerable 
azotemia.  Boidin  and  Trotain  also  note,  without  making  any 
great  point  of  the  observation,  that  there  may  be  symptoms  of 
tetany,  catalepsy,  "pseudoperitonitis,"  and  very  frequently  a 
type  resembling  myasthenia  gravis.  One  of  their  patients  was 
unable  to  sit  up  in  his  bed,  and  was  powerless  to  move  his  limbs 
when  the  least  resistance  was  made.  This  condition  came  on 
slowly  about  a  week  after  the  onset  of  fever  of  undetermined 
etiology.  The  patient  exhibited  a  marked  degree  of  albumi- 
nuria, and  had  as  much  as  5  grams  of  urea  per  litre  of  blood.  It 
is  probable  that  this  myasthenia  was  nothing  more  than  an  ex- 
treme exaggeration  of  asthenia,  nearly  always  observed  in  con- 
valescence from  pure  azotemic  nephritis. 

Among  the  cases  of  the  masked  acute  azotemic  nephritis,  there 
is  one  form  which  should  be  treated  separately,  because  of  the 
large  amount  of  attention  which  has  been  devoted  to  it;  this  is 
acute  nephritis  with  jaundice. 
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ACUTE    NEPHRITIS   WITH   JAUNDICE 

We  began  to  observe  acute  nephritis  with  jaundice  in  the 
autumn  of  1915,  at  the  same  time  that  acute  nephritis  became 
prevalent.  Our  first  two  patients  died  after  a  cHnical  course 
which  only  remotely  resembled  that  of  icterus  gravis.  The 
finding  at  autopsy  of  kidney  lesions  which  were  evidently  of 
more  significance  than  those  of  the  liver  stimulated  us  to  deter- 
mine the  urea  in  the  blood  of  the  inferior  vena  cava  in  these 
cases.  The  very  high  level  of  the  blood  urea  which  this  chemi- 
cal examination  revealed,  and  the  very  marked  kidney  lesions, 
led  us,  as  well  as  J.  Parisot  and  L.  Tixier,  of  Nevers,  to  lay  much 
stress  on  the  renal  involvement  and  to  propose  the  name  of 
acute  nephritis  with  jaundice  for  this  condition.  Almost  at  the 
same  time  P.  Merklen  began  an  intensive  study  of  this  syndrome. 
Since  then,  in  a  very  fortunate  case,  I  was  able  to  establish  the 
relationship  of  this  disease  with  the  spirochete  commonly  known 
as  "spirochaeta  icterohaemorrhagiae."  It  became  evident  that 
this  newly  discovered  organism  was  the  etiological  factor  in  a 
great  number,  if  not  in  all,  of  the  cases  of  nephritis  with  jaun- 
dice. This  conclusion  is  confirmed  by  the  studies  of  M.  Garnier, 
who  has  noticed  that  in  ''spirochaetosis  icterohaemorrhagica" 
there  are  urinary  signs  exactly  similar  to  those  which  we  have 
noted  in  nephritis  with  jaundice. 

Now  that  we  have  become  aware  of  the  true  nature  of  this 
syndrome,  its  clinical  description  loses  the  interest  which  has 
been  given  to  it  in  all  the  studies  dealing  with  spirochaetosis 
icterohaemorrhagica.  It  is  above  all  an  infectious  disease  char- 
acterized by  fever.  The  temperature  curve  in  many  of  my 
observations  is  characterized  by  two  or  three  marked  rises  in 
temperature,  as  is  so  frequently  noted  in  the  infection  caused  by 
the  Japanese  spirillum.  The  infection  often  begins  five  or  six 
days  before  the  jaundice.  There  is  general  malaise  and  pain, 
with  hyperesthesia  in  the  extremities.  When  jaundice  manifests 
itself  it  often  becomes  very  marked.  It  may  be  accompanied  by 
discoloration  of  the  excreta.  Hemorrhages  and  nervous  disturb- 
ances are  rarely  in  evidence  as  they  are  in  the  classical  icterus 
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gravis.  The  blood  pressure  in  our  two  fatal  cases  was  so  low 
that  it  could  hardly  be  determined.  Death  occurred  rapidly  in 
these  patients.  The  anuria  was  due  as  much  to  the  hypotension 
as  to  the  renal  involvement.  In  the  patients  that  recovered,  the 
jaundice  gradually  diminished,  and  during  the  very  long  conva- 
lesence  there  was  marked  asthenia,  to  which  condition  Merklen 
has  justly  called  attention.  In  this  regard  these  cases  resemble 
the  asthenic  form  of  azotemic  nephritis  without  jaundice  de- 
scribed by  Boidin  and  Trotain. 

The  most  prominent  symptoms  are  those  related  to  the  kid- 
neys :  Frequently,  but  not  always,  there  is  an  oliguria,  often  hema- 
turia, and  invariably  albuminuria.  The  bile-pigments  are  not 
always  present  in  the  urine,  even  when  the  jaundice  is  very 
marked.  Pagniez  and  Scheikevitch  beUeve  that  this  abnormality 
occurs  because  of  the  diminished  permeability  of  the  kidney. 

This  fact  seems  to  me  evidently  substantiated  by  the  increased 
non-protein  nitrogen  in  the  blood.  A  patient  whose  data  Le- 
mierre  is  about  to  publish  showed  a  gram  of  urea  per  litre  of  blood 
three  days  before  the  jaundice  appeared.  Hence  it  is  apparent 
that  considerable  degrees  of  azotemia  may  be  present  before  the 
jaundice  is  manifest.  In  one  of  my  cases  it  was  more  than  6 
grams  per  litre  at  the  time  of  death.  In  those  patients  that 
recover,  the  blood  urea  falls  to  a  point  at  which  it  is  equal  to,  or 
even  less  than,  normal  (0.3  gram  to  0.5  gram).  However,  even 
under  these  circumstances,  the  excretion  of  urea  is  interfered 
with,  as  is  proved  by  Ambard's  coefficient,  which,  for  several 
days,  and  sometimes  even  weeks,  remains  equal  to  or  above  0.1. 
As  Merklen  has  noted,  the  excretion  of  urinary  nitrogen  is  very 
low  during  the  early  stages  of  the  disease,  and  it  may  become 
enormous  at  the  time  that  polyuria  sets  in. 

Marklen  believes  that  the  azotemia  is  present  in  every  case  of 
infectious  jaundice,  and  that  if  it  is  not  found  constantly  it  is 
due  to  the  fact  that  the  determinations  are  not  made  early 
enough.  If  the  blood  of  these  icteric  cases  be  examined,  as 
Lemierre  has  done  in  his  own  patients,  before  jaundice  appears, 
an  increase  in  non-protein  nitrogen  is  always  found.  In  the 
mild  cases  this   disappears   very   rapidly   and   consequently  a 
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delayed  examination  may  fail  to  demonstrate  it.  It  is  possible, 
even  probable,  that  similar  conditions  prevail  in  the  cases  of 
infectious  jaundice  of  the  catarrhal  type,  in  the  severe  primary 
jaundice,  and  in  the  cases  of  secondary  infectious  jaundice,  pro- 
vided they  have  some  involvement  of  the  kidneys.  But 
it  must  be  admitted  that  there  are  cases  of  jaundice  character- 
ized by  the  signs  of  an  infection  in  which  the  organic  lesions 
are  limited  to  the  liver  and  do  not  affect  the  kidney.  It  is  in 
these  instances  that  the  azotemia  and  abnormal  Ambard's 
coefficient  are  absent. 

Consequently  it  may  be  considered  proved  that  this  syndrome 
of  jaundice  should  be  classified  with  war  nephritis  when  there  is 
evident  involvement  of  the  kidney.  Further  on  we  will  speak 
of  the  facts  which  have  been  developed  in  the  study  of  these 
two  subjects,  the  jaundice  and  the  nephritis,  when  considered  in 
conjunction  with  one  another. 

SIGNIFICANCE    OF   THE   AZOTEMIA   IN   WAR   NEPHRITIS 

In  acute  azotemic  nephritis,  which  we  are  at  present  consid- 
ering, all  symptoms,  even  the  most  usual  ones,  such  as  albu- 
minuria and  fever,  may  be  entirely  lacking.  The  essential 
characteristic  of  this  form  of  nephritis  is,  therefore,  hyperazotemia. 

These  cases  of  acute  azotemic  nephritis  without  symptoms  are 
in  marked  contrast  to  the  cases  of  acute  edematous  nephritis. 
The  latter  are  much  more  common,  more  generally  recognized, 
and  have  very  striking  symptoms. 

In  a  general  way,  the  picture  of  acute  azotemic  nephritis  is 
more  alarming  during  the  first  few  days  than  that  of  the  edema- 
tous nephritis.  On  the  other  hand  its  course  is  very  much 
shorter.  Azotemic  nephritis  develops  very  rapidly  and  consti- 
tutes an  immediate  menace.  However,  if  the  patient  survives 
the  first  few  days,  he  recovers  completely  without  complica- 
tions. This,  at  least,  was  the  case  in  those  individuals  that  we 
were  able  to  observe. 

In  nephritis  with  edema  the  onset  is  less  violent,  but  much  more 
prolonged.     The  mortality  is  negligible.     There  is  a  rapid  and 
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favorable  therapeutic  result  from  diet  and  other  appropriate 
measures.  However,  the  albuminuria  is  much  more  marked  at 
the  onset,  lasts  for  a  long  time,  and  often  persists  indefinitely. 
The  edema  may  reappear  during  the  first  weeks  if  there  is  the 
slightest  error  in  treatment.  The  patients  who  are  entirely 
cured  at  the  end  of  two  or  three  months  of  careful  supervision 
are  exceptional. 

In  spite  of  this  apparently  absolute  distinction  between  these 
two  types,  it  is  frequently  impossible  to  differentiate  between 
them.  Acute  azotemic  nephritis  may  occur  without  the  asso- 
ciation of  edema.  On  the  other  hand,  cases  of  acute  edematous 
nephritis  without  retention  of  urea  are  not  observed.  The  blood 
urea  during  the  first  three  days  of  an  acute  nephritis  with  ana- 
sarca is  always  higher  than  normal.  Tliis  increased  blood  urea 
results  in  a  clinical  picture  characterized  by  marked  general 
depression,  nervous  disturbances,  dyspnea,  and  vomiting. 

If  due  allowance  is  made  for  the  constant  presence  of  azotemia 
and  for  the  part  it  plays  in  bringing  about  the  functional  dis- 
turbances in  nephritis  with  edema,  the  inevitable  conclusion 
must  be  reached  that  the  basis  for  the  clinical  picture  of  all  war 
nephritis  is  to  be  found  in  the  increase  in  the  non-protein  nitrogen 
in  the  blood. 

It  is  advisable  to  discuss  the  common,  as  well  as  the  distinctive, 
characteristics  of  these  two  chief  forms  of  war  nephritis  that  we 
have  described.  Inasmuch  as  their  etiology  is  as  yet  uncertain, 
we  may  discuss  the  following  question  at  this  time:  Is  it  pos- 
sible to  demonstrate  a  single  cause  for  these  two  types  of 
nephritis? 

Since  the  azotemia  is  the  connecting  link  between  them,  it  is 
advisable  to  have  a  thorough  understanding  of  its  pathological 
significance.  Widaland  his  pupils  have  studied  this  satisfactorily 
in  chronic  nephritis.  The  war,  however,  has  resulted  in  so  great 
a  number  of  cases  of  acute  azotemia  that  it  is  necessary  for  the 
first  time  to  consider  the  importance  and  significance  of  this 
symptom  in  acute  nephritis.  In  those  cases  which  we  have  de- 
scribed we  believe  that  the  azotemia  is  indicative  of  renal  in- 
sufficiency.    It  is  a  question  whether  this  condition  can  always 
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be  ascribed  to  renal  insufficiency  or  whether  there  are  instances 
in  which  it  may  occur  without  any  renal  lesion. 

It  appears  that  there  is  a  certain  lack  of  unanimity  of  opinion 
in  this  regard.     Thus  Gautruche  voices  his  ideas  in  these  words, 

It  is  known  in  a  general  way  that  it  is  necessary  to  distinguish 
transitory  azotemias,  that  is,  a  marked  temporary  retention  of  urea 
occurring  in  the  absence  of  Bright's  disease,  from  the  permanent  in- 
crease in  blood  urea  characteristic  of  nephritic  uremia.  In  the  former 
condition  there  is  a  large  margin  of  safety  and  it  has  relatively  little 
significance  in  the  causation  of  clinical  symptoms.  Mosny  and  Javal 
have  recently  emphasized  this  point.  They  report  similar  periods  of 
acute  retention  followed  by  a  complete  cure  in  cases  of  acute  nephri- 
tis (Widal),  cholera  (Froin  and  Marie),  and  pregnancy  (Andre  Weil 
and  Wilhelm).  We  ourselves  have  observed  several  instances  in 
cases  of  scarlet  fever  complicated  by  nephritis  in  children. 

This  confusion  exists  because  of  the  difficulty  in  distinguishing 
between  the  prognostic  and  the  diagnostic  significance  of  azotemia. 
Widal  has  shown  that  in  chronic  nephritis  there  is  a  fatal  out- 
come when  the  azotemia  attains  a  certain  level.  "The  organ- 
ism cannot  tolerate  a  concentration  higher  than  4  grams  of  urea 
per  litre  of  blood  for  any  length  of  time."  If  the  blood  urea 
ranges  from  0.50  to  1  gram  per  litre,  the  prognosis  should  be 
guarded;  from  1  to  2  grams,  death  usually  occurs  within  two 
years;  above  2  grams,  there  is  a  fatal  outcome  within  less  than  a 
year;  and  with  5  grams  or  more  the  end  is  imminent.  These 
observations  are  correct  if  they  are  applied  only  to  the  azotemia 
which  occurs  in  the  course  of  a  chronic  nephritis.  Such  an 
azotemia  increases  steadily  though  slowly  during  the  course  of 
the  disease. 

This  ''prognostic  table"  is  not  always  correct.  Especially  in 
the  instances  of  acute  nephritis,  which  Gautruche  mentions,  it 
may  be  at  fault.  Widal  has  pointed  this  out  very  distinctly  in 
his  observations  on  the  prognosis  of  azotemic  nephritis.  In 
chronic  nephritis,  as  mentioned  above,  the  prognosis  may  be 
measured  definitely  according  to  the  standards  given,  but  in 
spite  of  this  it  must  be  borne  in  mind  that  the  azotemia  in  acute 
nephritis  results  in  very  definite  symptoms.     In  acute  nephritis 
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a  marked  azotemia  may  develop.  The  urea  may  be  higher  than 
1  gram  per  Utre  of  blood.  This  indicates  that  in  such  a  patient 
the  renal  function  has  been  correspondingly  diminished,  so  that, 
according  to  Ambard,  90  per  cent  of  its  efficiency  may  have  been 
lost.  When  this  occurs  there  has  been  a  transient  renal  in- 
sufficiency. The  chnical  conception  of  transitory  acute  nephritis 
has  been  accepted  for  so  long  a  time  that  we  are  justified  in 
admitting  the  existence  of  this  condition. 

Consequently,  if  the  azotemia  has  a  considerable  prognostic 
value  it  has  a  still  greater  diagnostic  one.  It  indicates  either  a 
permanent  or  a  transient  renal  insufficiency,  the  cause  of  which 
must  necessarily  be  determined.  It  is  essential  to  recognize 
the  fact  that  there  may  be  a  transient  azotemia  because  of  in- 
sufficient excretion  of  water,  i.e.,  an  oliguric  azotemia.  It  is  to 
the  credit  of  Ambard  to  have  demonstrated  both  the  existence 
and  the  cause  of  this  condition.  At  the  present  time  it  is  well 
known  that  a  normal  human  being  is  not  able  to  concentrate 
urea  in  the  urine  above  a  certain  level.  This  concentration, 
which  Ambard  has  called  the  maximal  concentration  for  urea,  is 
55  grams  per  litre  of  urine.  Consequently,  an  oliguric  patient 
whose  volume  of  urine  is  100  cubic  centimeters  can  under  no 
circumstances  eliminate  more  than  5.5  grams  of  urea  per  day. 
If,  during  this  period,  he  metabolizes  enough  protein  to  produce 
15.5  grams  of  urea  per  day,  the  usual  amount  eliminated  by  the 
French  soldier,  he  will  be  forced  to  retain  10  grams.  Since  it  is 
known  that  the  retained  urea  accumulates  in  the  blood,  it  is 
evident  that,  under  these  circumstances,  an  azotemia  results, 
even  though  there  is  no  impairment  of  renal  function.  An  ex- 
ample of  this  form  of  oliguric  azotemia  is  the  choleraic  diarrhoea 
associated  with  oliguria.  Froin  and  P.  L.  Marie  reported  a  case 
in  1911  in  which  the  blood  urea  rose  as  high  as  4  grams  per 
litre.  Similar  findings  have  recently  been  recorded  (as  high  as  6 
grams  per  litre)  by  Lesieur;  I  demonstrated  a  blood  urea  of  2 
grams  in  a  patient  with  choleraic  diarrhoea  and  oliguria  as  the 
result  of  mushroom  poisoning.  This  case  showed  no  important 
renal  lesions  at  autopsy. 

It  is  possible  to  estimate  the  true  state  of  affairs  in  regard  to 
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these  azotemias  if,  according  to  Ambard's  suggestion,  the  patient 
is  voiding  a  urine  of  maximal  concentration  at  the  time  that  the 
blood  is  examined.  I  should  suggest  that  this  additional  dif- 
ferential diagnostic  point  be  also  taken  into  account :  an  individual 
with  a  sudden  rise  in  blood  urea  as  the  result  of  an  oliguria  will 
exhibit  a  return  of  his  blood  urea  to  its  normal  level  with  the 
onset  of  polyuria,  and  furthermore,  when  the  blood  urea  is  again 
normal,  Ambard's  coefficient  is  not  raised.  On  the  other  hand, 
in  the  cases  of  acute  azotemic  nephritis,  the  blood  urea  assumes 
normal  values  sooner  than  Ambard's  coefficient.  In  these  cases 
the  blood  urea  is  less  than  0.5  grams  per  litre  for  a  long  time, 
although  the  coefficient  is  maintained  at  0.12  or  0.14,  values 
which  are  evidently  above  normal. 

It  may  be  that  there  are  cases  in  which  both  factors  play  a  part, 
that  is,  cases  in  which  azotemia  appears  to  be  due  both  to  oliguria 
and  to  renal  insufficiency.  In  the  first  two  instances  of  ''ne- 
phritis with  jaundice"  that  I  observed,  there  was  a  very  high 
blood  urea  associated  with  an  oliguria.  In  the  fatal  case  with 
six  grams  of  urea  per  litre  of  blood,  there  was  marked  oliguria 
for  several  days.  Possibly  this  oliguria  may  be  attributable  to 
the  very  low  blood  pressure  present  in  this  type  of  the  disease, 
and  the  azotemia  in  turn  would  appear  to  be  exclusively  due  to 
the  oliguria.  At  autopsy  I  found  important  acute  renal  in- 
volvement, such  as  an  interstitial  polynuclear  infiltration.  Fur- 
thermore, similar  cases  subsequently  observed  had  a  very 
marked  azotemia,  while  their  daily  urinary  output  was  of  normal 
quantity.  In  these  instances,  therefore,  the  azotemia  seemed  to 
me  to  be  a  sign  of  renal  insufficiency. 

This  interpretation  was  later  discussed  by  Merklen.  In  his 
earlier  publications  concerning  this  syndrome,  which  both  of  us 
have  observed,  and  which  I  have  called  acute  nephritis  with 
jaundice,  he  acknowledged  the  simultaneous  involvement  of  liver 
and  kidney.  He  called  this  condition  acute  hepato-nephritis,  and 
considered  the  azotemia  a  sign  of  renal  involvement.  At  a  later 
date  he  appears  to  have  modified  this  opinion.  He  observed  that 
in  cases  of  infectious  jaundice  the  non-protein  nitrogen  of  the 
blood    was    almost    invariably    increased,    and    independently 
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formulated  the  opinion  that  the  liver  played  a  part  in  bringing 
this  about. 

A  priori  the  idea  that  an  increase  of  urea  may  occur  in  the  blood 
as  the  result  of  disturbed  liver  function  is  somewhat  paradoxical. 
It  is  not  possible  to  believe  that  urea  should  accumulate  in  the 
blood  in  response  to  a  chemotactic  influence  exerted  by  the  bile 
pigments,  or,  to  put  it  tersely,  that  the  cholemia  causes  the 
azotemia.  This  is  proved  by  the  large  number  of  cases  of  jaun- 
dice in  which  no  increase  of  the  blood  urea  is  noted.  Conse- 
quently, if  it  is  desired  to  attribute  a  part  of  this  disease-picture 
to  the  hver,  it  becomes  necessary  to  recognize  the  fact  that  the 
hyperzaotemia  of  infectious  jaundice  is  due  to  hepatic  insut- 
ficiency.  This  conception  meets  with  some  difficulty,  since  we 
usually  presume  that  the  reverse  is  true,  believing  that  a  he- 
patic insufficiency  is  associated  with  a  diminution  of  blood  urea. 

Without  going  into  greater  detail,  we  may  assume  that  ne- 
phritis with  jaundice  is  the  result  of  a  septicemia  which  at  times 
involves  the  liver  and  at  times  the  kidney.  Thus,  either  renal 
or  hepatic  symptoms  may  be  in  evidence.  It  must  be  remem- 
bered that  in  certain  cases  there  are  extra-renal  and  extra- 
hepatic  symptoms  pointing  to  an  involvement  of  the  circulatory 
organs  and  the  nervous  system,  and  that  distinct  pathological 
lesions  may  be  found  in  all  these  tissues.  This  hypothesis  would 
receive  additional  proof  if,  in  the  future,  it  could  be  established 
that  ''nephritis  with  jaundice,"  "hepato-nephritis,"  and  possibly 
many  of  the  cases  of  the  common  type  of  infectious  jaundice, 
were  all  caused  by  the  Japanese  spirochete. 

PROGNOSIS   IN   WAR   NEPHRITIS 

In  spite  of  all  the  observations  made  upon  pathological  lesions 
in  the  kidney,  all  the  facts  which  have  been  acquired  during  the 
past  few  years  by  a  study  of  the  pathological  physiology  of  the 
kidney,  and  the  progress  made  in  interpreting  the  symptoms  of 
renal  insufficiency,  many  physicians  know  nephritis  by  no  other 
sign  than  albuminuria.  A  great  number  of  clinicians  are  con- 
tent to  formulate  their  prognosis  according  to  the  kind   and 
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amount  of  urinary  albumin  and  the  length  of  time  it  has  been 
present.  This  accounts  for  the  fact  that  in  the  papers  previously 
published,  there  is  frequently  a  lack  of  understanding  concern- 
ing the  course  which  the  disease  may  be  expected  to  follow. 
Every  observer  has  noted  that  the  albuminuria  very  often  dis- 
appears with  great  rapidity.  Consequently,  many  believe  that 
these  cases  are  as  mild  as  they  are  brief. 

The  question  of  prognosis  in  acute  nephritis  must  be  studied 
from  two  points  of  view.  In  the  first  place  it  is  necessary  to 
think  of  the  immediate  danger  and  the  chances  of  recovery; 
and  in  the  second  place,  if  the  immediate  danger  be  overcome,  to 
consider  the  return  of  renal  function  to  normal.  Will  the  pa- 
tient die,  or  will  he  live?  If  he  does  not  die  will  he  be  in  good 
health,  or  will  he  remain  an  invalid  with  an  impaired  kidney? 

The  immediate  prognosis,  that  is,  the  vital  prognosis,  varies  in 
the  cases  of  pure  azotemic  and  of  edematous  nephritis.  The 
former  is  much  more  dangerous  than  the  latter.  The  degree  of 
azotemia  does  not  seem  to  me  a  good  sign  on  which  to  base 
prognosis;  patients  with  high  blood  urea  often  recover.  The  per- 
sistence of  the  azotemia  seems  to  me  to  be  more  ominous.  In  a 
word,  a  marked  increase  in  the  non-protein  nitrogen  content  of 
the  blood,  if  it  be  of  short 'duration,  is  compatible  with  recovery; 
on  the  other  hand,  if  the  blood  urea  be  high  and  persistent, 
and  especially  if  it  exhibit  a  tendency  to  increase  slowly,  there  is 
usually  a  fatal  issue.  In  two  cases  of  nephritis  with  jaundice, 
very  marked  oliguria  and  hypotension  were  observed.  It  is 
possible  that  these  two  signs  may,  in  the  future,  be  demonstrated 
as  significant  of  a  bad  prognosis. 

The  immediate  prognosis  in  nephritis  with  edema  seems  to  me 
to  be  much  less  serious.  I  have  not  lost  a  single  case  of  all 
those  that  I  have  treated.  Poor  housing  or  bad  care  render  the 
prognosis  more  serious.  If  a  nephritic  in  spite  of  his  disease,  re- 
mains in  the  trenches  and  spends  ten  or  more  days  without  rest, 
shelter,  diet,  or  medical  supervision  his  condition  may  obviously 
become  greatly  aggravated.  It  is  therefore  wise  to  insist  on  the 
importance  of  rest  and  nursing,  and  to  institute  certain  thera- 
peutic measures.     At  the  onset  the  nephritic  voids  very  little 
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urine  and  retains  much  th9,t  he  should  excrete.  It  is  therefore 
necessary  to  reduce  his  sohd  food  to  a  miniinum  and  to  force 
fluids,  so  that  the  amount  of  urine  secreted  shall  be  as  high  as 
possible.  This  mode  of  therapy  is  absolutely  indicated  if  the 
power  of  concentration  is  very  much  diminished.  Therefore, 
during  the  first  two  or  three  days,  the  diet  should  be  largely 
fluid  and  very  abundant.  This  procedure  may  be  used  during 
the  first  period  of  the  disease,  a  period  which  I  have  called  the 
''irreducible  phase,"  during  which  the  edema  remains  stationary 
or  increases,  uninfluenced  by  any  treatment.  It  must  be  under- 
stood that  the  fluid  is  to  be  forced  only  during  this  stage  of  the 
disease.  The  worst  which  can  happen  is  that  the  edema  may  in- 
crease a  little  during  this  period,  but  the  duration  of  the  ''irre- 
ducible phase"  is  never  prolonged  nor  the  general  condition 
made  worse.  When  the  weight  of  the  patient  begins  to  diminish 
it  becomes  necessary  to  increase  the  nourishment.  Bearing  in 
mind  that  an  azotemia  exists,  it  is  wise  to  order  a  diet  composed 
exclusively  of  milk.  Finally,  when  the  azotemia  has  disappeared, 
a  salt-free  regimen,  including  many  articles  of  diet  besides  milk, 
may  be  advised.  Under  these  conditions  there  is  no  chance 
that  the  edema  will  reappear.  I  have  already  mentioned  the 
part  which  theobromin  plays  in  the  treatment  of  these  cases. 

The  ultimate  prognosis,  that  is,  the  prognosis  of  possible  chronic 
invalidism,  is  to  be  made  with  much  more  reserve  than  the 
immediate  prognosis.  The  reason  for  this  is  to  be  found  in  war 
conditions.  A  medical  patient  who  has  a  disease  of  some  dura- 
tion is  successively  observed  by  a  half-dozen  doctors  who  are 
not  in  touch  with  each  other  in  spite  of  the  rules  which  have  been 
laid  down.  A  case  of  acute  nephritis  is  sent  to  the  rear  as  soon 
as  it  is  possible  to  transport  it;  the  physician  who  has  charge  of 
him  in  the  first  place  is  not  the  one  that  takes  care  of  him  during 
his  convalescence,  and  the  latter,  in  turn,  has  no  record  of  the 
final  disposition  of  the  patient.  It  is  on  this  account  that  we 
have  no  information  at  the  present  time  relative  to  the  ultimate 
prognosis  of  war  nephritis.  In  the  foreign  literature  I  have  been 
able  to  find  onh^  very  fragmentary  observations.  These  have, 
for  the  most  part,  been  based  on  the  persistence  or  the  disappear- 
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ance  of  albumin.  The  writings  of  Sir  William  Osier  are  the  one 
exception  in  this  regard.  He  lays  stress  on  the  prognostic  sig- 
nificance of  hypertension.  It  would  seem  that  from  now  on  the 
prognosis  should  be  based  upon  a  study  of  renal  function  as 
determined  by  modern  methods. 

Acute  nephritis  with  azotemia  which  is  not  immediately  fatal 
ends  in  a  very  rapid  recovery  and  these  cases  are,  moreover, 
completely  cured,  so  far  as  a  normal  blood  urea  and  normal 
Ambard's  coefficient  may  be  conclusive.  The  reports  which  I 
have  from  former  patients  convince  me  that  this  cure  is  definite 
and  permanent.  It  is  necessary  to  emphasize  the  fact  that  these 
cases  of  acute  azotemic  war  nephritis  recover  quickly  and  com- 
pletely, because  this  is  not  true  of  all  the  acute  cases  with  azo- 
temia. I  was  particularly  interested  in  two  instances  of  azo- 
temic nephritis  following  anti-typhoid  vaccination.  At  the  end 
of  six  weeks  these  patients  still  had  evidence  of  a  slight  inter- 
mittent albuminuria,  and,  what  is  particularly  important,  an 
Ambard's  coefficient  fixed  at  a  level  of  0.13. 

The  ultimate  prognosis  of  acute  edematous  nephritis  is  vastly 
different.  This  form  of  the  disease  involves  the  kidney  more 
seriously  and  more  permanently.  Lafosse  has  called  my  atten- 
tion to  the  fact  that  some  of  my  old  patients  whom  he  has  traced 
were  able  to  resume  their  military  work  at  the  front.  On  the 
other  hand,  M.  Rene  Marie  has,  in  the  course  of  his  duties  as 
divisional  chief,  been  called  upon  to  examine  some  of  the  old 
cases  of  edematous  nephritis,  and  he  has  reported  to  me  that 
it  was  necessary  to  have  many  of  these  individuals  sent  into  the 
auxiliary  service.  The  question,  therefore,  is  both  medical  and 
military.  This  is  true  because  the  cases  of  acute  nephritis  with 
edema  are  followed  by  sequelae  that  are  very  likely  to  impair 
the  efficiency  of  the  man  as  a  soldier,  possibly  making  him  a 
permanent  invalid.  This  disability  may  be  so  great  that  the 
soldier  becomes  dependent  upon  the  care  of  others  and  deserves 
a  pension  as  much  as  those  with  other  injuries  contracted  during 
military  service. 

The  sequelae  of  this  form  of  nephritis  are  as  follows: 
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1.  Persistent  albuminuria.  This  is  frequently  very  irregular, 
and  may  be  present  in  large  quantities  or,  which  is  very  fre- 
quently the  case,  as  intermittent  traces.  No  information  as  to 
the  degree  of  renal  involvement  can  be  deduced  from  these  albu- 
minurias. The  whole  question  regarding  them,  including  that 
of  their  significance,  is  far  from  clear. 

2.  Tendency  to  edema.  This  is  not  very  frequent,  but  some 
patients  maintain  an  appreciable  degree  of  edema,  which  con- 
tinues for  several  months  after  the  onset  of  the  illness.  In 
others  it  has  a  tendency  to  reappear  several  weeks  after  the 
apparent  cure.  This  tendency  towards  edema  is  recognized 
much  more  readily  if  the  patients  are  weighed  every  day,  es- 
pecially at  the  time  that  the  salt  in  the  diet  is  resumed.  It  is 
frequently  observed  that  the  weight  increases  very  markedly  at 
this  time.  In  order  to  be  thoroughly  oriented  in  such  cases  it  is 
necessary  to  perform  the  chloride  tests  devised  by  M.  Widal, 
which  make  it  possible  to  estimate  the  permeabiUty  of  the 
kidney  to  sodium  chloride. 

S.  Diminution  of  the  ability  to  excrete  urea.  In  many  cases  the 
impairment  of  urea  excretion  persists  for  some  time.  The  hyper- 
azotemia  disappears  fairly  rapidly.  In  those  cases  in  which  the 
azotemia  is  most  marked,  Ambard's  coefficient  has  a  tendency 
to  remain  high  for  a  longer  period. 

4.  Arterial  hypertension.  This  comphcation  is  a  rare  one,  but 
when  present  it  has  a  tendency  to  persist  for  a  very  long  period. 
I  recall  a  case  which,  five  months  after  the  initial  symptoms  of 
hypertensive  nephritis,  had  the  same  blood  pressure  as  at  the 
onset.  The  blood  pressure  of  all  types  of  hypertensive  nephritis 
apparently  remains  at  the  same  height  for  an  indefinite  period. 
In  short,  although  scarcely  one  case  of  nephritis  out  of  ten 
exhibits  hypertension,  when  the  hypertension  does  occur  it  has 
a  tendency  to  remain  indefinitely. 

The  ultimate  prognosis  of  acute  edematous  nephritis  cannot 
be  formulated  except  by  the  physicians  who  have  the  final  dis- 
position of  the  patients,  either  ordering  them  back  to  active 
duty  or  to  the  auxiliary  service,  or  recommending  their  dis- 
charge.    An  intelligent  prognosis  in  these  cases  can  be  arrived  at 
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only  if  the  functional  renal  studies  and  the  blood  pressure  de- 
terminations are  obtained.  It  is  only  in  the  years  to  come 
that  we  shall  know  the  significance  of  diminished  ability  to 'ex- 
crete urea,  of  a  permanent  hypertension,  or  of  a  persistent  al- 
buminuria in  these  cases  of  nephritis.  What  Sir  William  Osier 
has  said  is  probably  correct:  ''We  shall  have  a  less  rosy  view  of 
war  nephritis  in  the  future." 

PATHOLOGICAL   ANATOMY 

The  pathological  anatomy  of  war  nephritis  rests  on  very  slight 
evidence,  since  the  disease  is  a  relatively  benign  one.  Andrewes, 
who  has  made  a  study  of  all  the  cases  brought  together  by  the 
Medical  Research  Committee,  was  able  to  obtain  material  of 
but  six  cases  in  February,  1916.  Sir  J.  Rose  Bradford  has  made 
only  three  autopsies.  I  have  been  able  to  examine  the  sections 
of  no  more  than  six  cases.  One  of  these  was  sent  me  by  Ph. 
Pagniez,  and  two  others  were  kindly  submitted  to  me  by  my 
colleagues,  MacLeod  and  Clarke. 

Other  reports  have  been  published,  but  exception  may  be 
taken  to  certain  of  them  because  sufficient  allowance  was  not 
made  for  post-mortem  changes,  which  may  have  a  very  great 
bearing  on  the  gross,  as  well  as  the  histological,  picture  of  the 
kidney. 

Granting  this,  it  has  been  found,  as  in  previous  cases,  that  the 
kidney  may  have  a  normal  gross,  as  well  as  microscopic  appear- 
ance, even  when  there  is  clinical  evidence  of  a  very  marked 
acute  edematous  nephritis.  It  has  been  noted  in  acute  ne- 
phritis that  at  the  time  of  onset  the  kidneys  reveal  a  histological 
lesion  which  has  been  rarely  demonstrated,  namely,  an  inter- 
stitial exudate  of  polynuclear  cells.  At  a  more  advanced  stage, 
as  Andrewes  has  shown,  the  glomeruli  and  the  tubules  are  in- 
volved in  a  manner  similar  to  that  generally  observed  in  sub- 
acute nephritis. 

The  kidneys  are  nearly  always  larger  than  normal.  Sometimes 
they  are  reddish-brown  or  have  the  red  color  characteristic  of 
congestion,  and  the  stellate  arrangement  of  veins  beneath  the 
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capsules  is  very  evident.  In  other  instances,  as  in  the  case  of 
Osier,  they  may  be  absolutely  white,  a  milky  white  without 
even  a  trace  of  red  color  in  the  cortex,  and  without  evident 
veins  beneath  the  capsule.  In  the  early  stages  the  kidneys  are 
frequently  mottled,  and  sometimes,  as  I  noted  in  one  case,  grayish- 
yellow  nodules  about  ^he  size  of  a  millet-seed,  resembhng  a 
miliary  tubercle,  may  be  found.  Under  the  microscope  the 
surprising  observation  is  occasionally  made  that  there  is  no 
lesion  whatsoever.  Andrewes  performed  an  autopsy  upon  a 
soldier  who  was  found  dead  by  the  wayside.  This  man  had 
evident  anasarca,  and  his  bladder  contained  a  urine  in  which 
there  were  albumin,  blood  and  casts.  The  diagnosis  of  acute 
nephritis  seemed  justified.  Microscopically,  there  were  no 
lesions  either  in  the  glomeruli,  the  tubules,  or  the  interstitial 
tissue.  Another  English  soldier,  on  whom  I  performed  the 
autopsy,  presented  degenerative  lesions  in  the  hver  and  the 
myocardium  and  slight  inflammatory  signs  in  the  lungs;  in  the 
kidney,  however,  no  significant  changes  were  found.  This 
patient  died  on  the  thirteenth  day  of  what  was  undoubtedly  an 
acute  edematous  nephritis. 

In  those  cases  in  which  death  occurred  during  the  first  stages 
of  the  disease  there  are  only  interstitial  lesions  in  the  kidneys. 
The  glomeruli  appear  to  be  intact.  The  tubules  are  usually 
very  much  dilated;  they  may  be  broken  up  here  and  there  as 
the  result  of  the  breaking  through  of  interstitial  inflammatory 
products  in  their  lumina;  however,  with  this  exception,  no  lesions 
in  them  are  evident.  In  the  autopsies  made  on  fresh  material 
in  which  there  were  no  post-mortem  changes,  I  have  been 
struck  with  the  normal  appearance  of  the  tubular  epithelium; 
in  contradistinction  to  this,  the  interstitial  changes,  comprising 
congestion,  edema,  and  exudation,  are  very  prominent.  The 
capillaries  are  so  distended  that  they  will  admit  twenty  to 
thirty  red  blood  cells  abreast.  The  tubes  and  the  glomeruli 
are  separated  from  each  other  hot  only  by  the  distended  ves- 
sels, but  also  by  an  interstitial  edema,  which  in  section  has  the 
appearance  of  layers  of  fine,  albuminous,  more  or  less  confluent, 
granules.     Finally,  of  especial  importance,  is  the  occurrence  of 
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foci  of  exudate  so  arranged  that  they  have  the  appearance  of 
mihary  nodules.  It  has  become  conventional  to  describe  an 
exudative  type  of  acute  nephritis.  This  type  is  characterized 
by  the  accumulation  of  cells  composed  almost  exclusively  of 
lymphocytes  about  the  glomeruli.  Therefore  this  form  of  ne- 
phritis has  been  described  as  the  lyny)homatous  type.  The 
exudate  of  war  nephritis  consists  in  greater  part  of  polynuclear 
cells  which  have  become  more  or  less  changed,  and,  to  a  less 
extent,  of  macrophages,  plasma  cells,  and  also  of  large  cells  with 
pyknotic  nuclei  and  a  homogeneous  markedly  acidophile  proto- 
plasm, which  are  the  remnants  of  the  degenerated  cells  from  the 
walls  of  the  tubules.  Among  these  cells  are  found  some  minute 
filaments  of  fibrin  and  a  small  amount  of  edematous  exudate. 
These  small  infectious  nodules  hardly  ever  involve  the  glomeruli. 
On  the  other  hand,  they  have  a  tendency  to  invade  the  walls 
of  the  neighboring  tubules  and  to  penetrate  into  their  lumina. 
As  a  result  of  this  process,  there  is  a  large  number  of  tubules 
which,  although  their  walls  are  intact,  are  .stuffed  with  leuco- 
cytes similar  to  those  which  are  found  in  large  numbers  in  the 
urine.  This  inflammatory  exudate  is  not  diffusely  distributed, 
but  confines  itself  to  certain  localities  and  forms  distinct  foci. 
Sometimes,  however,  it  parallels  the  tubules  in  the  interstitial 
tissue  and  assumes  an  elongated  shape.  Finally,  there  are  in- 
stances in  which  these  inflammatory  nodules  become  large  enough 
to  be  visible  to  the  naked  eye,  as  in  the  cases  which  I  have  de- 
scribed above,  when  they  simulate  small  tubercles. 

Other  lesions  which  are  somewhat  less  characteristic  may  be 
observed  at  a  later  stage  of  the  illness.  They  are  described  by 
Andrewes,  according  to  his  findings  in  four  cases  in  which  death 
occurred  between  the  fourth  and  the  twelfth  week  of  the  dis- 
ease. He  demonstrates  nephritic  lesions  involving  the  glomeruli, 
the  tubular  epithelium,  and  the  interstitial  tissue. 

1 .  The  glomerular  lesions.  There  is  a  proliferation  of  epithehum 
in  the  capsule  of  Bowman  which  forms  a  cellular  crescent  that 
gradually  obliterates  the  glomerular  tuft. 

2.  The  lesions  in  the  tubules.  These  are  characterized  by  de- 
generation of  the  epithelial  cells.     (This  description  possibly 
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does  not  discriminate  sufficiently  between  the  post-mortem  and 
the  true  changes  in  these  cells). 

3.  The  lesions  in  the  interstitial  tissues.  These  are  similar  to 
those  which  have  already  been  described  as  characteristic  of  the 
early  stages.  Thus  far  sclerosis  has  not  been  noted.  However, 
it  must  be  recognized  that  this  may  be  encountered  when  cases 
of  long  standing  are  autopsied. 

All  of  the  kidneys  which  I  have  examined  microscopically  have 
exhibited  lesions  which  I  believe  antedated  the  terminal  illness. 
These  occurred  as  fibrous  glomeruU  or  small  areas  of  interstitial 
sclerosis,  and  were  distinctly  isolated  changes.  Andrewes  also 
demonstrated  marked  lesions  of  chronic  nephritis  in  one  of  his 
cases.  It  is  not  necessary  to  attach  much  importance  to  such 
anatomical  changes  provided  that  they  are  the  remains  of  a 
chronic  process.  It  is  the  rule  to  find  such  changes  in  the  kid- 
neys of  a  man  of  mihtary  age,  regardless  of  the  cause  of  death. 
These  legacies  of  previous  renal  involvement  may,  if  they  are 
very  marked,  have  a  considerable  bearing  on  the  disease  which 
we  are  considering  at  present.  In  the  statistics  of  J.  Rose 
Bradford  there  are  but  three  fatal  cases.  The  first  of  these  was 
a  patient  who  had  been  the  subject  of  a  chronic  nephritis;  the 
second  had  a  congenital,  bilateral  renal  anomaly,  and  the  third 
had  but  one  kidney. 

TMien  a  pathologist  performs  an  autopsy  on  a  case  of  acute 
nephritis,  he  naturally  lays  stress  upon  his  findings  in  the  kid- 
neys and  does  not  investigate  the  condition  of  the  other  organs 
with  equal  care.  This  is  evidently  the  case  in  the  anatomical 
descriptions  of  war  nephritis  which  we  have  at  hand  at  the 
present  time.  Unfortunately,  the  true  state  of  affairs  is  not 
usually  appreciated,  for  the  changes  occurring  in  war  nephritis 
are  not  limited  to  the  kidneys,  but  are  also  found  in  the  Uver, 
the  lung,  the  myocardium,  and  doubtlessly  other  organs. 

From  the  chnical  point  of  view,  it  is  always  the  hver  which, 
next  to  the  kidney,  attracts  attention.  In  one  case  I  demon- 
strated an  incipient  cirrhosis.  In  this  subject,  as  in  all  the 
others,  I  found  the  changes  characteristic  of  an  infectious  hepa- 
titis; on  inspection,  the  liver  was  large  and  hea\'y  and  showed 
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yellow  mottled  areas  beneath  its  capsule;  microscopically,  there 
were  irregular  areas  of  capillary  injection  alternating  with  others 
in  which  there  was  marked  fatty  infiltration  or  cellular  degenera- 
tion. There  were  scattered  areas  in  which  inflammatory  nodules 
were  present.  These  consisted  of  a  collection  of  polynuclear  cells, 
macrophages,  and  of  plasma  cells.  However,  such  nodules  were 
small,  extremely  sparse,  and  never  attained  the  density  or  the 
importance  which  they  assumed  in  the  kidney. 

It  is  usual  to  find  a  marked  degree  of  broncho-pneumonia  in 
all  of  these  cases,  a  condition  which  exists  because  the  lung  is 
nearly  always  involved  when  there  is  a  general  infection.  These 
lesions  are  naturally  always  outspoken.  They  usually  consist  of 
large  or  small  areas  of  hemorrhagic  broncho-pneumonia  in  the 
posterior  portion  of  the  lung.  They  are  surrounded  by  an  area 
of  splenization  which  may  be  sharply  demarcated  or  may  become 
confluent  with  the  broncho-pneumonic  tissue.  In  the  microscopic 
sections  hemorrhages,  inflammatory  exudate  and  edema  are  seen 
in  all  the  alveoli. 

It  is  advisable  to  lay  special  stress  on  the  lesions  which  occur 
in  the  heart  muscle.  They  demand  emphasis  because  they  ex- 
plain the  symptoms  of  myocardial  insufficiency  which  form  so  im- 
portant a  part  of  the  clinical  picture  in  the  first  days  of  the  dis- 
ease. These  lesions  are  scattered  through  the  tissue  as  small 
isolated  foci.  The  muscle  fibres  lose  their  striation,  become 
moniliform,  and  often  undergo  evident  hyaline  degeneration. 
Sometimes  there  are  very  small  focal  lesions  similar  to  those, 
but  smaller  than  the  inflammatory  nodules,  previously  noted  in 
the  kidneys.  These  findings  adequately  explain  the  dilatation 
of  both  ventricles  that  is  frequently  evident  at  autopsy. 

As  a  result  of  these  studies  the  following  points  should  be 
emphasized : 

1.  The  kidney  is  not  the  only  organ  which  undergoes  patho- 
logical changes  in  war  nephritis;  there  are  inflammatory  and 
degenerative  foci  in  other  tissues  which  have  no  direct  organic 
connection  with  the  kidneys. 

2.  At  a  certain  stage  of  the  disease  there  is  an  acute  inter- 
stitial lesion  in  the  kidney,  consisting  of  edema  and  of  an  exu- 
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date  of  polynuclear  cells;  this  change  is  pathognomonic.  An- 
drewes  claims  that  he  has  found  a  similar  lesion  in  scarlet  fever; 
he  must  acknowledge,  however,  that  the  renal  infiltration  in  the 
latter  disease  is  composed  of  lymphocytes  and  not  of  polynuclear 
cells.  The  interstitial  exudate  composed  of  polynuclear  cells 
has  been  found  by  Tapret  and  Roger  in  certain  cases  of  typhoid 
fever  complicated  by  nephritis.  Gallois  has  observed  it  in 
various  forms  of  acute  infectious  nephritis.  It  should  be  borne 
in  mind  that  in  these  cases  there  was  an  evident  tendency  to 
suppuration. 

These  two  very  important  anatomical  characteristics  found  in 
the  edematous,  as  weU  as  the  azotemic,  type  of  nephritis,  and 
even  in  the  nephritis  with  jaundice,  go  very  far  to  establish  a 
certain  relationship  between  them. 

It  is  evident  that  pathological  anatomy  which  thus  far  has 
served  as  a  means  of  classification  for  the  nephritides  is  not  a 
criterion  by  which  the  clinical  types  of  renal  disease  may  be 
grouped.  The  conception  so  closely  adhered  to  in  former  years 
was  full  of  promise.  Later  developments  have  cast  some  doubt 
upon  it,  and  this  skepticism  is  justified  to  some  extent.  When 
all  the  facts  are  taken  into  consideration,  however,  the  discrep- 
ancy is  not  as  great  as  it  would  seem  to  be  at  first  sight.  The 
similarity  which  we  have  noted  in  the  pathological-anatomical 
lesions  among  the  different  types  of  war  nephritis  forces  a  very 
important  question  on  our  attention:  Is  there  a  single  etiological 
factor  which  is  responsible  for  all  the  types  of  war  nephritis 
observed  hitherto? 

ETIOLOGY 

It  is  essential  to  lay  stress  on  the  fact  that  war  nephritis  is 
not  synonymous  with  simple  transitory  albuminuria  appearing 
without  cause  or  during  the  course  of  an  infectious  disease.  The 
nephritic  albuminuria  occurs  without  evident  cause  and  appar- 
ently is  not  secondary  to  any  of  the  common  diseases.  It  is 
much  more  frequent  than  the  acute  nephritis  brought  on  by  cold 
and  exposure  which  is  so  often  seen  in  times  of  peace.  There  are 
many  observers,  at  least  in  France,  who  still  believe  that  it  is 
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not  necessary  to  attribute  these  peculiar  pathological  manifes- 
tations to  war  conditions.  They  believe  that  the  findings  are 
exactly  similar  to  those  which  are  met  with  during  peace.  I 
would  refer  to  the  percentage  tables  cited  at  the  beginning  of  this 
article  in  order  to  indicate  the  importance  which  war  nephritis 
has  assumed  in  the  present  conflict. 

In  recent  wars,  typhoid  fever  and  dysentery  have  been  the 
common  diseases.  Acute  nephritis  has  played  but  a  small  role. 
In  the  war  of  1870,  the  Chino- Japanese,  Spanish-American,  and 
Russo-Japanese  wars,  the  medical  records  lay  no  stress  on  this 
malady.  During  the  Boer  war  the  EngHsh,  who  have  suffered 
so  much  with  nephritis  in  the  present  campaigns,  appear  to  have 
had  little  or  none  of  it.  There  were  but  six  cases  in  the  Base 
Hospital  at  Deelfontein,  and  three  at  the  Portland  Hospital.  L. 
Brown,  who  followed  the  Boer  war  closely  from  the  medical 
point  of  view,  did  not  meet  with  a  single  case. 

On  the  other  hand,  the  observations  made  during  the  Civil 
War  in  the  United  States  tell  a  somewhat  different  story.  Ne- 
phritis was  very  rare  at  the  beginning  of  the  war  in  1861,  but 
gradually  increased  so  that  there  was  a  mortality  of  1.6  per 
thousand  by  the  middle  of  July,  1862;  from  that  time  on  it 
diminished  progressively  up  to  the  end  of  the  war.  The  follow- 
ing table  gives  the  number  of  cases  and  the  death  rate  from 
nephritis  in  the  armies  of  the  Northern  States: 


NUMBER   OP 
TROOPS 

NUMBER  or 

CASES  OP 
NEPHRITIS 

NUMBER   OF 
DEATHS 

May-June,  1861 

42,500 
279,000 
614,000 
619,700 
574,000 
161,800 

27 
1.790 
6,603 
2,677 
2,744 
346 

July,  1861  to  June,  1861 

45 

July,  1862  to  June,  1863 

148 

July,  1863  to  June,  1864 

81 

July,  1864  to  June,  1865 

77 

July,  1865  to  June,  1866 

9 

44,187 

360 

Analyzing  these  statistics  more  closely,  it  becomes  evident 
that  the  percentage  of  nephritics  in  proportion  to  the  number 
of  troops  engaged  increased  more  rapidly  and  assumed  greater 
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proportions  in  the  Central  Army  than  in  the  others.  This  is 
particularly  true  in  the  period  from  July,  1862  to  March,  1863. 
It  was  at  this  time  that  the  army  was  conducting  its  campaign 
in  a  manner  very  like  that  which  we  are  employing  at  the  pres- 
ent time.  A  sudden  offensive  on  the  part  of  the  Confederates  was 
checked,  and  a  long  period  of  trench  warfare  followed. 

In  the  present  war  it  is  in  the  British  Army  especially  that  this 
disease  has  assumed  alarming  proportions.  The  official  statistics 
obtained  at  the  beginning  of  the  war  have  been  published,  and 
it  is  permissible  to  quote  them  here.  Scarcely  any  cases  were 
observed  up  to  February,  1915.  There  were  72  cases  in  Feb- 
ruary, 138  in  March,  211  in  May,  and  326  in  June.  By  the  end 
of  June,  1062  cases  had  been  reported  and  the  number  was  con- 
stanting  increasing.  This  increase  was  more  rapid  than  the 
number  of  men  enlisted  warranted.  Although  unable  to  give 
any  definite  figures,  I  believe  I  am  justified  in  stating  that  the 
number  of  cases  observed  in  the  British  Army  is  far  greater  than 
that  in  ours.  Up  to  the  present  writing  it  has  been  impossible 
for  me  to  form  a  concrete  idea  concerning  the  prevalence  of 
nephritis  in  the  Italian  or  Russian  Army. 

There  seems  to  have  been  a  considerable  number  of  cases  in 
the  Expeditionary  Force  at  the  Dardanelles.  Thus,  S.  N. 
MacBean  Ross,  in  speaking  of  the  troops  under  his  personal  care, 
says  that,  although  it  was  not  possible  to  designate  the  preva- 
lence of  the  condition  as  an  epidemic,  yet  the  cases  of  acute 
nephritis  were  extremely  common  in  his  battalion.  The  prisoners 
interned  in  Germany  under  the  lamentable  hygienic  conditions 
of  which  we  are  well  aware,  appear  to  have  suffered  very  much 
from  renal  disease.  In  the  report  of  Breton,  which  was  made 
from  the  hospital  at  Miinster,  covering  the  period  from  the  7th 
of  December,  1914,  to  the  1st  of  June,  1915,  the  following  figures 
are  found:  Among  158  sick  prisoners  under  treatment,  there  were 
four  cases  of  simple  albuminuria  and  three  patients  suffering 
with  nephritis,  one  of  these  with  a  fatal  uraemia;  this  makes  a 
proportion  of  about  2  per  cent.  In  the  same  connection  this 
author  makes  the  interesting  observation  that  a  large  number  of 
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prisoners  confined  under  his  care  evidenced  a  cachectic  edema 
without  albuminuria. 2 

The  number  of  enemy  pubHcations  on  the  subject  of  nephritis 
indicates  that  it  is  equally  prevalent  in  the  Austro-German 
army.  It  would  seem  that  they  suffer  more  in  this  regard  than 
we  do,  and  about  as  much  as  the  English.  It  may  be  noted 
from  the  discussion  which  took  place  on  this  subject  at  a  meet- 
ing of  the  Vienna  Medical  Society  in  1915  that  the  marked  in- 
crease of  war  nephritis  among  their  troops  occurred  at  about 
the  same  time  as  among  the  soldiers  of  our  Allies.  It  is  very 
striking  that  the  Hindoo  forces  of  the  English  have  been  almost 
absolutely  immune  from  nephritis. 

In  the  French  army,  war  nephritis,  although  it  is  common 
enough,  is  much  less  frequent  than  it  is  in  the  other  armies.  It 
was  also  much  later  in  manifesting  itself.  According  to  Lang- 
don  Brown,  at  the  time  when  it  was  first  called  attention  to 
among  the  English,  there  were  only  cases  of  malingering  (mix- 
ture of  egg-white  with  urine  and  subcutaneous  injection  of  water) 
among  the  French.  I,  for  my  part,  have  never  met  with  this 
type  of  malingering,  and  I  have  never  heard  it  mentioned  as 
being  used  in  the  present  war.  I  know  of  no  such  official  report 
concerning  war  nephritis  in  our  army.  I  believe  that  the  first 
cases  of  nephritis  were  diagnosed  as  isolated  occurrences  during 
the  summer  of  1915.  When  Parisot  and  I  published  our  first 
report  in  November,  1915,  we  had  observed  hardly  twenty 
instances.     Toward  the  end  of  autumn  these  cases  became  very 

2  Dr.  Malergue  of  Ussel,  who  was  physican  of  a  prison  camp  during  ten  months 
of  captivity,  gave  me  the  following  very  curious  information  concerning  this 
special  form  of  edema.  This  edema  is  moderate  in  degree,  soft,  and  limited  to 
the  feet,  not  rising  any  higher  than  the  malleoli.  There  is  no  albuminuria,  but 
frequently  a  bradycardia  is  present.  (In  one  case,  32  beats  to  the  minute.) 
Malergue  believes  that  this  edema  is  without  doubt  due  to  the  inanition  and  to 
the  kind  of  food  which  is  offered  to  prisoners.  The  diet  is  entirely  liquid,  con- 
sisting of  about  two  liters  of  very  thin  soup.  The  Russian  prisoners  were  par- 
ticularly subject  to  this  symptom.  These  diets  have  been  deemed  adequate  by 
the  learned  food  specialists  of  Germany.  It  sufficed  to  give  these  unfortunates  a 
"double  ration"  in  order  to  obtain  a  disappearance  of  the  bradycardia  in  three 
or  four  days.     The  edema,  however,  persisted  for  several  months. 
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much  more  nmnerous,  and  this  was  especially  true  during  the 
spring  and  summer  of  1916. 

The  inspection  of  the  Usts  of  individuals  ill  with  nephritis  em- 
phasizes certain  facts.  The  men  who  do  the  actual  fighting, 
and  especially  infantry,  are  more  often  affected  than  the  troops 
not  in  the  line.  Among  my  present  cases  there  have  been  no 
men  of  the  latter  class,  with  the  exception  of  two  hospital 
nurses;  stress  has  often  been  laid  upon  the  susceptibility  of  hos- 
pital attendants  to  war  nephritis.  I  performed  an  autopsy 
upon  a  chauffeur  of  the  English  Sanitary  Corps,  who  died  of  a 
severe  nephritis.  Among  the  combatants  the  sappers  are  most 
frequently  affected,  and  they  comprise  7.5  per  cent  of  my  cases. 
I  have  often  met  with  cases  of  nephritis  among  the  men  engaged 
in  the  construction  of  earthworks. 

It  is  important  to  recognize  the  fact  that  officers  are  almost 
absolutely  immune  from  war  nephritis.  I  have  never  seen  an 
officer  affected  by  it.  This  fact  is  well  brought  out  in  the  official 
English  statistics,  in  which  it  appears  that  not  a  single  officer, 
with  the  exception  of  one  chaplain,  suffered  with  this  disease. 
Finally,  another  factor  to  be  taken  into  consideration  is  the 
length  of  time  which  a  soldier  has  spent  at  the  front.  Most  of 
the  patients  have  been  in  the  front  line  since  the  onset  of  hostili- 
ties, or  at  least  for  a  period  of  one  year,  without  having  been 
sent  home  because  of  illness  or  of  wounds.  At  least  80  per 
cent  of  our  patients  fall  into  this  class;  and  yet  in  the  infantry 
at  least,  there  are  only  20  per  cent  who  have  remained  at  the 
front  this  long.  This  fact  is  in  strict  accord  with  the  following 
observation:  Two  EngUsh  divisions  were  quartered  in  adjoining 
sectors  and  under  absolutely  similar  conditions  during  the  months 
of  -May,  June  and  July,  1915.  The  first  of  these  had  arrived 
in  France  at  the  beginning  of  hostiUties  and  in  it  there  occurred 
77  cases  of  acute  nephritis;  the  second  took  up  its  duties  on 
French  soil  in  May,  and  in  this  division  only  2  instances  of  war 
nephritis  occurred.  These  reports  agreed  with  those  of  the 
evolution  of  the  "epidemic"  which  occurred  in  the  American 
Civil  War.  The  course  of  events  may  be  summarized  in  the 
statement  that  during  the  first  months  of  fighting  the  disease 
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did  not  occur,  but  that  from  the  sixth  month  on  nephritis  assumed 
an  increasing  importance. 

MacLeod  and  I,  while  examining  a  group  of  supposedly  normal 
soldiers,  laid  special  emphasis  on  the  presence  of  albuminuria, 
the  urinary  secretion  and  the  blood  pressure.  In  these  indi- 
viduals there  was  no  other  factor  which  could  be  considered  as 
possibly  influencing  the  future  development  of  nephritis.  Latent 
albuminuria  has  more  frequenly  made  its  appearance  in  the 
soldiers  stationed  in  the  trenches  and  in  those  who  have  just 
come  from  the  trenches  than  in  the  men  who  are  working  behind 
the  lines.  In  the  French  army  I  found  albuminuria  in  1.66  per 
cent  of  the  active  troops,  while  less  than  1  per  cent  of  those 
engaged  in  the  more  peaceful  pursuits  in  the  barracks,  etc.,  gave 
evidence  of  this  abnormality.  In  the  British  forces  MacLeod 
demonstrated  that  4.73  per  cent  of  the  men  in  the  trenches  showed 
albuminuria,  while  only  2.91  per  cent  of  those  behind  the  lines 
were  found  positive.  This  latent  albuminuria  in  the  soldiers 
behind  the  lines  is  chronic  in  character  and  is  secondary  to 
chronic  renal  lesions.  On  the  other  hand,  those  who  are  actively 
engaged  in  the  trenches  have  what  is  evidently  a  ''fatigue  albu- 
minuria," which  disappears  almost  immediately  when  they 
cease  their  active  duties.  MacLeod  found  that  10.12  per  cent 
of  the  recruits  undergoing  intensive  training  in  England  had  an 
albuminuria. 

We  soon  became  aware  of  the  fact  that  these  albuminurias  are 
not  an  indication  that  these  subjects  are  predisposed  to  ne- 
phritis. Three  men  whose  urine  MacLeod  had  analyzed  two 
weeks  previously  and  found  to  be  free  from  albumin,  gave  evi- 
dences of  a  nephritis  later,  one  of  them  being  a  fatal  case. 

The  blood  pressure  of  the  men  engaged  in  trench  warfare  does 
not  differ  from  that  of  the  men  in  military  service  but  not  in  the 
line. 

The  elimination  of  urea,  chlorides  and  water  in  the  urine  is  the 
same  both  in  quantity  and  concentration  in  both  groups.  In  the 
English  army  the  amount  of  urea  eliminated  day  by  day  per 
individual  is  about  50  per  cent  greater  than  among  non-combatant 
French  troops,  and  a  little  more  than  three  times  as  large  as  the 
average  amount  eliminated  by  the  active  French  soldier. 
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Pathogenic  theories.  Beyond  a  few  inadequate  and  self-evi- 
dent facts,  there  are  only  contradictory  and  empty  hypotheses 
which  may  be  called  upon  to  explain  the  immediate  cause  of  war 
nephritis.  The  etiology  of  this  disease  is  certainly  a  perplexing 
one;  unfortunately,  up  to  the  present  time  it  remains  unsolved. 
The  theories  advanced  for  the  solution  of  this  problem  may  be 
classified  under  four  principal  headings: 

1.  The  meteorological  theory,  if  one  may  call  it  such;  exposure 
to  cold  has  been  regarded  by  many  as  the  responsible  factor. 

2.  The  toxic  theory. 

3.  The  theory  of  renal  impairment. 

4.  The  theory  of  infection. 

1 .  Exposure  to  cold  has  for  a  long  time  been  supposed  to  result 
in  nephritis.  Germany  is  the  only  country  in  which  this  etio- 
logical factor  has  been  considered.  Chiari  and  Bruns  maintain 
in  no  uncertain  terms  that  it  is  almost  always  the  chief  cause. 
Bruns  says  that  in  70  per  cent  of  the  patients  there  is  a  clear 
history  of  a  chill  or  exposure  to  dampness  and  cold.  This  hy- 
pothesis is  not  borne  out  by  the  conditions  under  which  this 
illness  has  occurred.  Nephritis  did  not  appear  in  our  army 
during  the  winter,  but  in  the  spring  among  the  British  troops  and 
in  the  summer  among  the  French.  As  Langdon  Brown  main- 
tains, this  theory  must  be  entirely  abandoned  when  it  becomes 
apparent  that  the  cases  of  nephritis  assume  more  marked  pro- 
portions as  the  warm  weather  sets  in.  A  study  of  the  statistics 
obtained  during  other  wars  confirms  this  observation.  Ne- 
phritis was  infrequent  in  the  South  African  war  in  spite  of  enor- 
mous fluctuations  of  temperature  (at  6  a.m.  the  weather  was  cold 
enough  to  result  in  a  hoar  frost,  whereas  at  half -past  three  in 
the  afternoon  mirages  made  their  appearance). 

In  spite  of  wide  ranges  of  temperature  there  were  no  cases  of 
nephritis  in  the  Russo-Japanese  war.  Furthermore,  in  the 
American  Civil  War  nephritis  appeared  during  March  and  con- 
tinued for  one  year;  subsequently  it  diminished  and  remained 
about  constant  as  regards  the  number  of  cases  observed  during 
the  remaining  years  of  the  conflict.  When  these  patients  are 
questioned  closely  they  will  always  say  that  they  have  been 
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exposed  to  cold;  in  most  instances  this  is  purely  a  subjective 
matter,  and  the  sensation  experienced  by  the  patient  corre- 
sponds to  a  slight  initial  febrile  rise  which  is  not  noted  by  the 
physician  in  charge. 

2.  Intoxication.  This  factor  at  first  seemed  to  be  of  great 
importance,  since  the  appearance  of  cases  of  nephritis  in  large 
groups  appeared  to  point  in  this  direction.  Very  careful  re- 
search has  been  done  in  order  to  ferret  out  toxic  substances  in 
the  drinking  water,  or  to  discover  mineral  poisons  which  may 
have  been  ingested  and  were  being  excreted  in  the  urine. 

At  first  at  least,  many  thought  that  the  chlorinated  water 
might  have  a  detrimental  effect  on  the  kidneys.  Since,  however, 
the  French  soldiers  for  the  most  part  drink  nothing  but  wine, 
this  argument  necessarily  falls  to  the  ground.  It  must  be  re- 
membered also  that  the  water  used  in  cooking  the  food  and  in 
the  preparation  of  coffee  is  rarely  of  the  chlorinated  variety. 

Mackenzie  Wallis  has  searched  for  mineral  poisons  in  the  tab- 
lets used  in  the  sterilization  of  water,  in  the  water  of  the  can- 
teens, and  in  the  urine  of  nephritic  patients.  In  the  latter  he 
was  able  to  find  traces  of  arsenious  acid  (in  proportion  of 
1:  1,000,000),  and  less  marked  traces  of  antimony  and  mercury. 

Powell- White  was  of  the  opinion  that  possibly  lead  might  be 
responsible,  because  of  the  considerable  consumption  of  tinned 
food.  He  analyzed  the  urine  of  four  patients  with  trench  ne- 
phritis, and  he  was  always  able  to  find  traces  of  lead;  in  other 
instances  he  found  tin.  The  urine  of  normal  individuals  does 
not  contain  even  traces  of  this  metal. 

Inasmuch  as  the  whole  army  is  subject  to  these  conditions 
which  are  supposed  to  cause  nephritis  through  intoxication,  it  is 
necessary  to  reject  all  of  them  as  explanations.  This  is  very 
evident  when  we  consider  the  fact  that  among  these  men,  all 
living  under  the  same  conditions,  certain  groups,  such  as  the 
officers,  are  apparently  immune. 

3.  Renal  impairment.  It  may  be  possible  that  the  kidney 
yields,  httle  by  little,  to  the  unfavorable  conditions  which  the 
soldier's  life  imposes  upon  it.  It  is  very  likely  that  the  renal 
organs  are  changed  so  that  they  readily  fall  prey  to  pathogenic 
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influences  which  under  ordinary  circumstances  they  throw  off 
without  difficulty.  It  becomes  pertinent  to  ask  oneself  if  the  ab- 
normal conditions  created  by  the  war  do  not  render  the  kidney 
less  resistant  to  the  stress  and  strain  imposed  by  the  many  minor 
ailments  which  cause  no  noticeable  impairment  of  health. 
Physical  overwork,  insufficient  sleep,  abnormal  food,  and  constant 
exposure  to  inclement  weather,  are  some  of  the  factors  which 
have  to  be  reckoned  with. 

Among  the  causes  of  renal  impairment  the  great  importance 
of  diet  has  often  been  emphasized.  Albu  and  Schlesinger  be- 
heve  that  this  is  the  main  etiological  factor.  The  food  is  usu- 
ally far  too  heavy.  It  is  given  for  the  greater  part  in  concen- 
trated form  or  in  cans,  and  contains  much  salt  and  little  fat. 
In  France  the  soldier's  diet  has  been  criticised  as  containing  too 
much  meat.  It  was  thought  that  food  too  rich  in  protein  might 
disturb  the  kidney,  not  so  much  by  its  direct  action  on  the  kid- 
ney, but,  as  Buchard  and  Robin  showed,  through  the  excessive 
production  of  toxic  products  of  putrefaction  formed  in  the  gastro- 
intestinal tract  which  reach  the  kidney  by  way  of  the  blood. 
^Mackenzie  Wallis  has  shown  that  the  ethereal  sulphates  (such 
as  indican),  found  in  the  urine,  are  not  increased  in  the  cases  of 
acute  nephritis.  Thanks  to  the  work  of  Ambard  and  Papin,  we 
know  a  few  facts  concerning  the  production  of  nephritis  through 
alimentary  causes.  They  have  shown  in  dogs  that  the  maximal 
concentration  of  urea  in  the  urine,  brought  on  by  high  meat  diet, 
may  result  in  a  nephritis.  It  is  possible  that  this  is  responsible 
for  at  least  a  part  of  the  nephritis  under  present  conditions. 
The  average  concentration  of  urea  in  the  urine  is  higher  in  the 
English  than  in  the  French  soldier  (24.4  grams  per  litre  for  the 
former,  12.35  grams  for  the  latter).  The  average  daily  output 
is  also  higher  among  the  Enghsh  troops  than  among  our  men 
(45.03  grams  for  the  English,  14.44  grams  for  the  French). 
Finally,  it  is  uncommon  to  find  a  urea  concentration  which  ap- 
proaches the  maximum  in  the  urine  of  French  soldiers;  that  is, 
a  concentration  of  30  grams  per  Utre  or  higher.  On  the  other 
hand,  among  the  British  troops  ;\'e  have  found  25  per  cent  who 
had  a  concentration  above  30  grams.     It  may  be  that  this  fact 
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explains  the  more  frequent  occurrence  of  transient  albuminuria 
and  the  greater  prevalence  of  nephritis  in  the  British  army. 

4.  The  role  of  infection.  It  would  seem  that  infections  are  re- 
sponsible in  great  part,  if  not  entirely,  for  the  occurrence  of  war 
nephritis. 

Up  to  the  present  time  the  bacteriological  results  have  not 
been  very  promising.  Blood  cultures  have  proved  to  be  nega- 
tive in  the  hands  of  all  observers.  M.  H.  Gordan  and  I  have 
made  very  many  aerobic  and  anaerobic  cultures  with  absolutely 
no  success.  There  is  one  possible  exception  to  this,  inasmuch 
as  in  one  case  of  nephritis  with  jaundice  I  was  able  to  isolate 
the  paratyphoid  B.  bacillus.  The  blood  of  this  patient  agglu- 
tinated the  same  organism.  In  another  instance  of  the  same 
kind,  Pagniez,  in  a  patient  who  had  not  been  vaccinated,  dem- 
onstrated an  agglutination  in  a  dilution  of  1: 1,000. 

Except  for  these  two  instances  the  bacteriological  findings 
have  yielded  no  important  results.  Gordon  could  not  find  posi- 
tive agglutination  reactions  with  the  meningococcus.  The 
Wassermann  reaction  is  not  more  frequently  positive  in  the 
cases  of  nephritis  than  it  is  in  other  patients. 

Klein  and  Pulay  in  Vienna,  and  Mac  Walter  in  Dublin,  attrib- 
uted an  etiological  significance  to  the  colon  bacillus,  which  they 
discovered  in  the  urine  of  these  nephritics.  It  must  be  recog- 
nized that  the  colon  bacillus  is  commonly  present  in  the  anterior 
urinary  passages,  and  that  it  is  not  usual  to  find  it  in  many  of 
these  cases.  Other  bacteria  present  in  these  urines  are  usually 
contaminations. 

Mackenzie  Wallis  injected  urine  and  serum  of  nephritics  into 
rabbits  and  monkeys.  He  obtained  the  following  results  even 
when  small  doses  were  used :  The  immediate  toxic  effects  are  very 
transitory,  but  subsequently,  after  there  has  been  a  period  of 
normal  health  lasting  about  eight  days,  signs  of  general  malaise 
became  manifest,  and  in  two  cases  albuminuria  appeared  and 
death  occurred  within  forty-eight  hours.  Autopsy  revealed  no 
changes  in  the  kidneys.  If  the  urine  was  warmed  to  55  degrees 
for  the  half  hour  before  injection,  no  effect  could  be  noted. 
If  the  urine  was  placed  in, a  collodion  sack,  allowed  to  dialyze. 
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and  the  concentrated  product  remaining  within  the  sack  was  in- 
jected, more  marked  effects  were  produced  than  if  the  untreated 
urine  was  employed.  These  very  important  discoveries  seem  to 
me  to  hold  much  promise  for  the  future. 

In  spite  of  the  meager  results  yielded  by  bacteriological  re- 
searches up  to  the  present,  it  remains  probable  that  the  role  of 
infection  is  an  extremely  important  one.  The  inflammatory 
nodules  found  in  the  kidneys  and  other  organs,  and  the  febrile 
course  of  the  disease,  point  to  an  infection  as  the  probable 
cause. 

When  nephritis  was  first  observed,  it  was  thought  that  it  might 
be  a  compUcation  occurring  in  the  course  of  undiagnosed  acute 
infections  which  ran  an  abortive  course.  It  was  beUeved  that 
such  infections  as  scarlet  fever  and  diphtheria  might  remain 
unrecognized.  However,  diphtheria  is  not  nearly  as  frequent  as 
nephritis  in  our  armies,  and  scarlet  fever  has  been  very  rare. 
Furthermore,  throat  cultures  have  aways  been  negative,  and  in 
convalescents  from  nephritis  the  complications  which  could  be 
ascribed  to  diphtheria  or  to  scarlet  fever,  such  as  paralysis  or 
desquamation,  have  been  entirely  lacking. 

Attention  has  also  been  given  to  the  possible  effect  of  anti- 
typhoid vaccination.  It  must  be  acknowledged  that  there  are 
such  instances,  but  they  are  very  few,  and  as  far  as  I  know, 
they  are  never  of  the  edematous  type.  Such  cases  are  of  the 
azotemic  type,  and  their  azotemia  is  much  more  persistent, 
their  Ambard's  constant  is  impaired  for  a  much  longer  period, 
than  in  the  nephritics  that  we  have  described  in  this  paper. 
The  condition  manifests  itself  almost  immediately  after  the  in- 
jection of  the  anti- typhoid  vaccine.  It  should  also  be  noted  that 
a  large  number  of  cases  of  nephritis  have  been  observed  in  indi- 
viduals who  have  not  been  vaccinated. 

It  is  possible  to  conceive  that  the  predisposing  factors  for 
nephritis  are  precisely  those  which  have  been  dealt  with  in  the 
paragraph  headed  ''Renal  impairment."  It  must  be  admitted 
that  the  causes  may  be  even  more  numerous  than  those  that 
have  been  detailed.  In  some  instances  war  nephritis  was  pre- 
ceded by  an  angina.     In  one  case  this  was  of  a  phelgmonous  char- 
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acter,  caused  by  the  streptococcus;  in  another  case  it  was  a 
simple  erythematous  sore  throat.  The  post-mortem  examina- 
tion of  the  latter  case  revealed  the  streptococcus  in  the  perito- 
neum, the  spleen,  and  the  kidneys,  as  MacLeod  and  I  were  able 
to  demonstrate.  Other  cases  followed  a  febrile  dysentery  or  a 
severe  parasitic  ecthyma.  One  patient  developed  a  nephritis 
fifteen  days  after  the  onset  of  a  cerebro-spinal  meningitis  brought 
on  by  the  diplococcus  of  Weichselbaum;  in  this  case  a  definite 
cure  had  been  brought  about  by  the  appropriate  serological 
methods.  It  is  apparent  from  these  instances  that  more  than 
one  infectious  cause  is  concerned  in  the  production  of  war 
nephritis. 

It  may  be  that  with  the  novel  conditions  brought  about  by 
the  war,  micro-organisms  which  were  ordinarily  unheard  of 
assume  importance.  The  digging  of  trenches  and  throwing  up 
of  earthworks  on  so  vast  a  scale  may  have  brought  forth  great 
numbers  of  them.  If  we  are  prepared  to  admit  that  war  ne- 
phritis is  caused  by  a  single  specific  infectious  agent,  the  question 
of  contagion  must  be  seriously  considered.  We  must  recognize 
the  fact  that  of  all  the  men  behind  the  lines  it  is  only  the  hos- 
pital nurses  who  are  exposed  to  it.  If  we  are  dealing  with  a  con- 
tagious disease,  we  should  not  reject  the  term  "epidemic  nephri- 
tis," which  has  sometimes  been  used. 

We  have  shown  that  pure  azotemic  nephritis,  and  even  ne- 
phritis with  jaundice,  are  not  clinically  and  anatomically  iden- 
tical with  edematous  nephritis.  It  appears  probable  that  ne- 
phritis with  jaundice  and  cases  of  hepato-nephritis  are  caused 
in  nearly  every  instance  by  the  spirochaeta  icterohaemorrhagica. 
The  negative  cases  may  be  readily  explained  by  the  difficulty  in 
finding  this  organism,  which  is  present  only  in  certain  stages  of 
the  disease  in  the  urine  and  in  the  blood.  Furthermore,  it  may 
not  be  possible  to  demonstrate  it  by  the  unreliable  method  of 
injecting  it  into  a  guinea  pig.  It  is  probable  that  azotemic  ne- 
phritis without  edema  and  without  jaundice  is  brought  about 
by  one  and  the  same  cause.     It  is  not  impossible  that  it  may 
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ultimately  be  proved  that  edematous  nephritis  is  the  result  of 
this  or  a  similar  cause.' 
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URINARY  ANTISEPSIS— FURTHER  STUDIES  OF  THE 

ANTISEPTIC  PROPERTIES  AND  THE  RENAL 

EXCRETION  OF  COMPOUNDS  RELATED 

TO  PHENOLSULPHONPHTHALEIN 

EDWIN  G.  DAVIS  and  EDWIN  C.  WHITE 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

The  ideal  internal  urinary  antiseptic  must  be  a  drug  which  is 
chemically  stable,  non-toxic  and  non-irritating  to  the  urinary 
tract;  which  is  antiseptic  in  high  dilution  in  urine,  regardless  of 
the  reaction  of  the  latter;  and  which  is  eliminated  unchanged  in 
high  percentage  by  the  kidney.  There  is  no  such  drug  known. 
A  consideration  of  the  properties  possessed  by  phenolsulphon- 
phthalein,  however,  shows  that  this  compound  comes  very  close 
to  filling  all  the  above  requirements.  Phenolsulphonphthalein 
is  chemically  stable,  non-toxic,  and  non-irritating;  and  is  elimi- 
nated by  the  kidney  with  almost  incredible  rapidity  and  com- 
pleteness; but  it  has  no  antiseptic  properties,  excepting  in  water 
in  its  free  acid  form.  (Clinically  it  is  used  as  the  mono-sodium 
salt.)  This  remarkable  compound,  synthesized  in  1898  by 
Sohon,  at  Remsen's  suggestion,  investigated  later  in  Abel's  lab- 
oratory, and  introduced  into  clinical  use  by  Rowntree  and 
Geraghty  twelve  years  later,  has  become  the  most  widely  used 
and  the  most  satisfactory  of  all  the  tests  of  renal  function. 
This  is  due  to  the  remarkable  rapidity  and  completeness  with 
which  phenolsulphonphthalein  is  eliminated  by  the  kidnev,  to 
its  non-toxicity  and  to  the  ease  with  which  it  lends  itself  to 
colorimetric  estimation.  As  evidence  of  non-toxicity,  Rowntree 
and  Geraghty  have  given  one-gram  doses  to  dogs  without  evi- 
dence of  renal  injury.  Its  marvelous  rapidity  and  completeness 
of  elimination  is  realized  when  one  considers  that  a  6  mgm. 
dose,  given  intravenously,  and  therefore  diluted  about  one  mil- 
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lion  times  by  the  blood  stream,  appears  in  the  bladder  in  about 
two  minutes,  and  after  one  hour  60  to  70  per  cent  has  been  ex- 
creted by  the  normal  kidney.  Furthermore,  about  30  to  35 
per  cent  of  this  amount  appears  during  the  first  fifteen  minutes, 
and  about  40  to  50  per  cent  during  the  first  half  hour.  In  view 
of  these  remarkable  properties  it  was  thought  worth  while  to 
attempt  a  modification  of  the  phenolsulphonphthalein  molecule, 
with  the  hope  that  an  antiseptic  compound  might  be  produced 
which  still  retained  the  properties  of  the  original  drug.  As  the 
problem  gradually  increased  in  scope  it  was  found  advisable  to 
investigate  a  large  number  of  compounds  distantly  related  to 
phenolsulphonphthalein,  as  well  as  those  closely  related.  The 
total  number  of  compounds  experimented  with  at  present  is 
over  two  hundred,  the  antiseptic  properties  of  which  will  be 
enumerated  in  subsequent  publications.  The  following  paper 
deals  only  with  compounds  closely  related  to  phenolsulphon- 
phthalein. 

Although  the  literature  contains  no  record  of  any  attempt  to 
synthesize  an  internal  urinary  antiseptic,  various  workers  (fol- 
lowing the  pioneer  work  of  Ehrlich  in  chemotherapy)  have, 
during  recent  years,  attempted  to  correlate  chemical  structure 
and  physiological  action  and  thus  produce  compounds  with  a 
desired  specific  therapeutic  action.  It  is  not  the  purpose  of  the 
present  paper  to  discuss  this  literature.  For  an  excellent  sum- 
mary of  recent  work  done  along  the  lines  of  chemotherapy,  the 
reader  is  referred  to  publications  of  Lewis.  The  problem  which 
Lewis  and  his  co-worker,  Krause,  are  investigating  is  analogous 
to  the  problem  on  urinary  antisepsis  outlined  above,  in  that 
they  started  with  a  dye  (trypan  red)  which  possesses  the  pecu- 
liar property  of  becoming  localized  in  the  caseous  centers  of 
tuberculous  masses,  and  experimented  with  numerous  modifica- 
tions of  this  compound,  with  the  hope  that  one  might  be  pro- 
duced which  would  inhibit  the  development  of  the  tubercle 
bacillus,  and  still  retain  the  localizing  tendency  of  the  original 
compound. 

Limited  space  does  not  permit  a  discussion  of  the  urinary  anti- 
septics in  present  use,  and  of  the  great  need  of  a  really  efficient 


URINARY  ANTISEPSIS  109 

drug  for  this  purpose,  which  may  be  given  either  intravenously 
or  by  mouth  and  which  will  cause  an  inhibition  of  bacterial 
development  in  the  urine,  regardless  of  the  reaction  of  the  latter. 
For  a  complete  resume  of  this  phase  of  this  subject,  and  a  dis- 
cussion of  the  relative  values  of  the  various  urinary  antiseptics 
in  common  use  the  reader  is  referred  to  the  paper  published  by 
Hinman  in  1915.  This  paper  will  be  freely  quoted.  Of  the  urin- 
ary antiseptics  in  common  use,  hexamethylenamine  is  by  far  the 
best,  but  has  very  definite  limitations,  owing  mainly  to  the  fact 
that  an  acid  medium  is  essential,  for  the  Hberation  of  formalde- 
hyde.    Furthermore, 

The  necessity  of  concentration,  and  time  for  the  accumulation  of 
formaldehyde  in  antiseptic  amounts,  largely  destroys  the  value  of  the 
drug  for  kidney  antisepsis;  for  bladder  antisepsis  in  cases  with  polyuria 
or  frequent  urination,  except  when  retention  in  some  form  is  present; 
in  cases  of  urinary  fistula,  notably  post-operative  prostatics  during  the 
period  of  incontinence,  and  in  cases  with  continual  bladder  drainage  as 
in  true  incontinence  or  with  retention  catheter;  and  for  urethral  anti- 
sepsis no  matter  what  the  infection.  The  greatest  usefulness  of  hexa- 
methylenamine is  in  bladder  prophylaxis  in  cases  La  which  the  above 

urinary  conditions  are  not  present Methylene  blue,  in  a 

dilution  of  1 :  150,000,  will  inhibit  the  growth  of  staphylococci. 

This  drug  would  therefore  seem  of  value  in  this  type  of  infec- 
tion, but  there  has  been  no  experimental  work  showing  that 
methylene  blue  does  not  undergo  modification  either  in  the  blood 
stream  or  in  the  urine  so  as  to  lose  its  antiseptic  value,  as  has 
been  shown  (Davis)  is  the  case  with  so  many  other  compounds. 
Hinman  states  that  "the  value  as  internal  urinary  antiseptics 
of  other  substances  such  as  salol,  oil  of  sandalwood,  salicylic, 
boric  and  benzoic  acids,  is  verj^  limited;"  and  concludes  that  there 
is  no  known  drug  with  properties  even  approaching  those  of  an 
ideal  urinary  antiseptic. 

As  stated  above,  an  ideal  internal  urinary  antiseptic  must  be 
chemically  stable,  non-toxic,  antiseptic  in  urine  regardless  of  the 
reaction  of  the  latter,  and  must,  like  phenolsulphonphthalein, 
possess    the    property    of    high-percentage    elimination.     It    is 


110  EDWIN   G.    DAVIS   AND   EDWIN   C.   WHITE 

quite  possible  that  a  compound  that  is  not  entirely  non-toxic, 
but  relatively  so,  might  be  suitable  for  the  purpose.  Provided 
that  the  renal  elimination  of  a  given  compound  is  sufficiently 
rapid  and  complete,  and  provided  that  this  compound  causes 
bacterial  inhibition  in  urine  in  sufficiently  high  dilution,  it  is 
conceivable  that  small  doses  might  serve  to  produce  urinary 
antisepsis,  even  though  the  compound  be  moderately  toxic. 
Considering  the  general  toxic  effects  on  the  animal  organism  that 
an  antiseptic  compound  may  be  expected  to  have,  and  consider- 
ing the  possibility  of  injury  to  the  renal  epithelium,  and  of  irri- 
tating effects  on  the  lower  urinary  tract,  one  realizes  the  hope- 
lessness of  the  problem  if  the  synthesis  of  a  completely  harmless 
urinary  antiseptic  is  the  goal.  The  matter  than  resolves  itself 
into  a  questiun  of  relative  toxicity;  that  is,  the  .attainment  of  a 
compound  combining  minimum  toxicity  with  maximum  efficiency, 
so  that  small  but  effective  doses  may  be  safely  used.  The  value 
of  such  a  drug,  particularly  in  cases  of  chronic  pyelitis,  resistant 
to  all  treatment,  and  in  cases  of  alkaline  cystitis,  where  urotropin 
is  of  no  avail,  could  not  be  overestimated. 

METHODS   OF    INJECTION 

Each  compound  was  investigated  with  two  objects  in  view; 
first,  to  determine  the  rate  of  elimination  by  the  kidney;  and 
secondly,  to  determine  the  antiseptic  properties.  Rabbits  were 
used  for  injection  purposes  because  (1)  they  are  easily  available 
and  cared  for  in  large  numbers,  (2)  because  the  ear-vein  is  easily 
injected,  and  (3)  because  the  urethra  of  the  male  rabbit  is  large 
and  easily  catheterized.  The  drugs  were  injected  intravenously 
in  10  mgm.  amounts  in  1  per  cent  solution,  and  the  rabbits 
catheterized  after  one  hour.  In  the  case  of  each  drug  a  colori- 
metric  estimation  of  percentage  of  excretion  was  made  with  the 
Hellige  colorimeter,  10  mgm.  of  the  drug  diluted  in  1000  cc.  of 
water  being  used  as  a  standard.  In  order  to  make  certain  that 
the  total  excretion  for  one  hour  was  quantitatively  recovered, 
the  bladders  of  the  rabbits  were  irrigated  after  catheterization, 
and  the  irrigation  added  to  the  urine  obtained  through  the 
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catheter.  The  percentage  of  excretion  of  each  compound  was 
estimated  by  averaging  the  results  of  at  least  two  injections  on 
different  rabbits.  It  would  have  been  impossible  to  determine 
the  rate  of  excretion  of  such  a  large  number  of  compounds  had 
it  not  been  that  nearly  all  of  them  were  highly  colored  and  hence 
readily  detected  in  the  urine.  Colorless  compounds  were  re- 
jected, excepting  a  few  in  which  the  antiseptic  tests  were  unusu- 
ally promising. 

BACTERIOLOGICAL   TECHNIQUE 

Antisepsis  in  urine  is  quite  a  different  thing  from  antisepsis  in 
water.  As  will  be  shown  below,  and  in  subsequent  papers,  there 
are  numerous  compounds  which  are  germicidal  in  high  dilution 
in  water,  but  which  lose  this  property  entirely  when  diluted  in 
urine,  and  which  even  permit  the  growth  of  organisms  in  urine 
when  in  relatively  strong  concentration.  This  astonishing  fact 
has  proved  to  be  a  great  obstacle.  It  may  be  readily  seen  that 
the  compound,  the  antiseptic  power  of  which  is  due  to  its  acid  or 
basic  properties,  would  become  inert  in  urine  on  account  of  the 
buffer  action  of  urinary  salts. ^  Other  compounds,  containing 
ionic  silver,  become  inert  in  urine  because  the  silver  is  precipi- 
tated by  the  chlorides.  There  remain,  however,  a  large  num- 
ber of  drugs  whose  loss  of  antiseptic  strength  in  urine  is  due  to 
some  unknown  interfering  action,  the  nature  of  which  is  as  yet 
undetermined.  It  must  not  be  understood  that  this  loss  of  anti- 
septic power  in  urine  is  noted  after  the  compound  has  been  passed 
through  the  animal  body,  but  it  occurs  when  urine  is  added  to 
the  aqueous  solution  of  the  compound  in  a  test  tube.  For  this 
reason  it  became  necessary  to  carry  on  parallel  germicidal  tests 
both  in  urine  and  in  water. 

The  colon  bacillus  was  used  throughout  the  experiments  be- 
cause it  is  the  most  frequent  invader  of  the  urinary  tract,  be- 

^  The  term  "bufTer  action"  refers  to  the  ability  of  mixtures  of  certain  acid 
and  alkaline  salts  in  solution  to  maintain  a  practically  constant  hydrogen  ion 
concentration,  in  spite  of  the  addition  of  moderate  amounts  of  acid  or  alkali. 
For  detailed  discussion,  see  publications  of  Henderson  and  Palmer,  Clark  and 
Lobs,  and  Sbohl  and  Janney. 
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cause  it  is  resistant  to  antiseptics  and  is  readily  cultivated.  The 
particular  strain  used  was  one  isolated  from  a  case  of  chronic 
pyelitis.  Investigations  with  other  organisms  are  to  be  carried 
on  in  the  future.  Each  compound  was  studied  with  the  view  of 
determining  (1)  its  germicidal  properties  (in  water  and  in  urine) 
and  (2)  its  antiseptic  or  inhibitory  properties  in  urine. 

1 .  Germicidal  test.  In  order  to  rule  out  a  large  number  of  un- 
desirable compounds  it  was  necessary  to  establish  an  arbitrary 
standard  of  germicidal  strength,  and  compare  them  all  with 
phenol.  The  arbitrary  method  chosen  was  the  determination  of 
the  highest  dilution  of  each  compound  which,  in  1  cc.  amount, 
will  kill  one  loop  (3  mm.  internal  diameter)  of  a  twenty-four 
hour  broth  culture  of  colon  bacillus,  in  one  hour,  at  37°C.  Dilu- 
tions of  the  drug  were  made  with  sterile  pipettes  in  sterile  test 
tubes,  and  all  but  one  cc.  of  each  dilution  discarded.  After 
inoculating  each  dilution  with  one  loop  of  colon  bacilli,  and  in- 
cubating for  one  hour,  0.1  cc.  of  each  was  transferred  to  melted 
agar,  and  plated.  In  transferring  these  0.1  cc.  amounts,  it  was 
found  convenient  to  use  capillary  pipettes  drawn  out  (from  3 
mm.  glass  tubing)  long  enough  to  reach  the  bottom  of  the  test 
tubes.  By  connecting  the  large  end  of  one  of  these  capillary 
tubes  to  a  carefully  calibrated  small  syringe  (by  means  of  a 
small  rubber  tip),  it  was  found  that  0.1  cc.  amounts  could  be 
drawn  up  with  remarkable  accuracy,  irrespective  of  variations 
in  the  size  of  the  capillary  tubes.  These  tubes  were  used  over 
and  over  again,  large  numbers  being  sterilized  together  by  means 
of  dry  heat. 

Parallel  tests  were  run  for  each  compound,  using  sterile  water 
for  one  series  of  dilutions  and  sterile  urine  for  the  other.  It  was 
found  to  be  unnecessary  to  adopt  any  method  of  sterilizing  the 
urine  to  be  used  for  this  purpose.  Agar  plates  poured  each  day 
containing  0.1  cc.  of  urine  taken  from  a  specimen  voided  in  a 
sterile  (second)  flask  by  a  normal  individual,  were  uniformly 
sterile.  (Although  these  agar  plates,  inoculated  with  0.1  cc. 
of  fresh  urine,  showed  no  growth,  it  would  be  incorrect  to  say 
that  the  entire  specimen  of  urine  was  sterile,  for  a  profuse  growth 
of  cocci  always  developed,  after  twenty-four  hours'  incubation. 
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Hort,  in  1914,  carried  out  an  extensive  careful  series  of  experi- 
ments along  these  lines  and  concluded  that  ''the  steriUty  of  nor- 
mal urine  in  man  still  awaits  demonstration,"  although,  by  supra- 
pubic aspiration,  he  was  able  to  obtain  sterile  urine  from  ani- 
mals.) The  factor  of  possible  error  due  to  modification  of  the 
urine  through  the  process  of  sterilization  was  thus  eliminated. 
For  example,  sterilization  of  urine  by  heat  produces  a  marked 
change  in  the  hydrogen  ion  concentration,  the  urine  becoming 
much  more  alkaline. 

The  effect  of  the  reaction  of  the  urine  in  aiding  or  hindering 
the  germicidal  activity  of  a  drug  is  an  all-important  factor. 
Henderson  and  Palmer  have  shown  that  the  hydrogen  ion  con- 
centration of  urine  is  normally  subject  to  a  considerable  range 
of  variation  (pn  4.8  to  Pa  7.4),  and  that  the  average  of  this  range 
is  Ph  6.0  on  the  hydrogen  ion  scale,  corresponding  to  0.000001  N 
acid.2  The  importance  of  the  reaction  of  urine  when  used  as  a 
culture  medium  has  been  pointed  out  by  Shohl  and  Janney,  who 
find  that  the  colon  bacillus  fails  to  grow  in  urine  at  certain  defi- 
nite acid  (Ph  4.8)  and  alkaline  (p^  9.2)  end-points.  In  order  to 
ehminate  possible  error,  due  to  strongly  acid  or  alkaline  urine, 
the  hydrogen  ion  concentration  of  each  specimen  of  urine  to  be 
used  for  antiseptic  experiments  was  determined,  and  the  speci- 
men rejected  if  the  reaction  was  not  approximately  that  of  aver- 
age normal  urine,  that  is,  Pa  6.0. 

2.  Antiseptic  test.  More  important  than  the  determination 
of  the  germicidal  strength  of  these  compounds,  w^as  the  deter- 
mination of  the  highest  dilution  of  each  in  urine  that  will  cause 
an  inhibition  of  bacterial  development.  For  this,  dilutions  in 
urine  were  made  in  1  cc.  amounts,  using  sterile  test  tubes.  Each 
tube  was  inoculated  (as  in  the  germicidal  test)  with  one  standard 
loop  of  a  twenty-four-hour  broth  culture  of  the  colon  bacillus, 
immediately  after  which  0.1  cc.  of  each  inoculated  dilution  was 
plated,  as  proof  that  the  inoculation  had  been  made,  and  for  the 
purpose  of  comparison  with  a  second  plate  which  was  poured 

*  For  discussions  concerning  the  hydrogen  ion  concentration  of  urine  and  the 
technique  for  the  colorimetric  estimation  of  same,  see  papers  by  Clark  and  Lubs, 
Henderson  and  Palmer,  and  Shohl  and  Janney. 
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(again  transferring  0.1  cc.)  after  the  inoculated  dilutions  had 
been  incubated  for  twenty-four  hours  at  37°C.  Contrasting 
these  two  plates,  poured  at  twenty-four-hour  intervals,  showed 
whether  or  not  growth  had  taken  place  during  the  incubation 
period.  The  first  plate  (poured  immediately  after  inoculation) 
usually*  showed  about  10,000  colonies,  roughly  estimated.  A 
second  (twenty-four-hour)  plate  which  was  sterile,  or  which 
contained  very  few  colonies,  (less  than  100)  was  considered  proof 
of  inhibition,  while  a  plate  showing  countless  numbers  of  colo- 
nies proved  the  absence  of  inhibition.  In  the  vast  majority  of 
instances  the  contrast  between  the  plates  1  and  2  was  so  marked 
that  there  could  be  no  possible  doubt.  A  daily  control  of  inocu- 
lated drug-free  urine  invariably  contained  countless  numbers  of 
colonies  in  the  second  (twenty-four-hour)  plate,  showing  that 
normal  urine  acts  as  a  favorable  culture  medium  for  the  colon 
bacillus. 

PHENOLSULPHONPHTHALEIN   AND    SALTS 

The  properties  of  phenolsulphonphthalein  itself,  and  of  some 
of  its  metallic  salts  (sodium,  silver,  copper,  mercury  and  barium), 
as  illustrated  by  the  following  structural  formula,  were  first 
investigated. 

^    \-0H 


_    -c 

SOsNa   X=/"^ 

Phenolsulphonphthalein 
(monosodium  salt) 

Phenolsulphonphthalein,  in  its  free  acid  form,  although  almost 
insoluble,  is  nevertheless  germicidal  (against  the  colon  bacillus, 
according  to  the  arbitrary  standard  described  above),  in  a  dilu- 
tion of  1: 1000;  that  is  it  has  about  50  times  the  strength  of 
phenol.  In  urine,  however,  even  in  ahnost  saturated  solution, 
phenolsulphonphthalein  permits  the  growth  and  development  of 
the  colon  bacillus.  A  suggested  explanation  of  this  loss  of 
power  is  that  the  watery  solution  kills  by  virtue  of  its  acidity, 
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whereas  in  urine  the  acid  properties  are  lost  on  account  of  the 
buffer  value  of  the  urinary  salts.  Furthermore,  the  mono-so- 
dium salt,  the  form  used  clinically,  has  no  germicidal  action 
even  in  water,  and  in  urine  permits  the  growth  of  colon  bacillus 
even  in  a  1 :  200  dilution.  The  silver  salt  is  extremely  germicidal 
in  water  (having  5000  times  the  strength  of  phenol),  but  in 
urine  the  silver  is  precipitated  by  the  chlorides,  and  the  germicidal 
strength,  due  to  the  silver  ion,  is  lost.  The  fact  that  the  chlorides 
are  responsible  is  shown  by  a  similar  disappearance  of  germicidal 
action  when  the  dilutions  are  made  in  normal  sahne  solution. 
Furthermore,  when  the  silver  salt  is  injected  intravenously  the 
ionic  silver  is  lost  in  the  body  and  the  phenolsulphonphthalein 
appears  in  the  urine  free  from  silver,  probably  as  the  sodium 
salt.  The  germicidal  properties  of  the  silver  salt  of  phenolsul- 
phonphthalein, both  in  water  and  in  urine,  correspond  very 
closely  to  those  of  silver  nitrate.  Mercurous  and  mercuric  salts 
and  the  cupric  salt,  although  ha\dng  some  germicidal  value  in 
urine,  were  discarded  because  of  their  toxicity.  The  barium  salt 
was  quite  inert. 

Conclusion.  The  metalUc  salts  of  phenolsulphonphthalein 
give  no  promise  of  value  as  urinary  antiseptics. 

SULPHONPHTHALEINS 

The  compounds  listed  in  table  I  are  all  analogous  to  phenol- 
sulphonphthalein, differing  from  the  latter  compound  only  by 
the  presence  of  various  substituent  groups  (OH,  CH3,  NO2, 
XH2,  C3H7,  COOH),  as  illustrated  by  the  three  following  rep- 
resentatives. All  but  three  of  these  compounds  are  only 
slightly  soluble  in  water,  as  the  free  acid,  but  are  readily  solu- 
ble in  the  form  of  the  sodium  salt.  In  the  case  of  the  sub- 
stances insoluble  in  water,  solution  was  effected  by  adding  to  a 
weighed  amount  of  the  dye  tenth  normal  sodium  hydroxide  in 
amount  just  sufficient  to  dissolve  the  dye.  The  resulting  solu- 
tion contained  the  monosodium  salt.  Tetra-aminophenolsul- 
phonphthalein  was  used  in  the  form  of  its  hydrochloride.  Pyro- 
catechinsulphonphthalein  and  guaiacolsulphonphthalein  are  sol- 
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/C3H7 


A_7 


-C  CHgpxT  N02<  >-C<  /CH3 

SOsNa      "^<^_^  =  0  SOgNa  \=/"^ 

Thymolsulphonphthalein  Cresolparanitrosiilphonphthalein 


NO2 


-C 

SOgNa    ^<^_)>  =  0 

\n02 
Tetranitropheno  1- 
sulphonphthalein 

uble  in  water  without  the  addition  of  alkaH,  as  is  the  hydro- 
chloride of  tetra-aminophenolsulphonphthalein.  Some  of  these 
compounds  are  quite  germicidal  in  water  (possibly  due  to  excess 
alkali  necessary  to  bring  them  into  solution),  but  with  the  exception 
of  one  only,  it  is  a  uniform  rule  that  they  lose  this  action  when 
diluted  in  urine.  Pyrocatechinsulphonphthalein,  the  only  one 
to  retain  its  value,  is  germicidal  in  urine  in  a  dilution  of  1 :  500 
and  inhibitory  in  urine  in  a  dilution  of  1 :  1000. 

Very  surprising  results  were  obtained  by  the  injection  of  these 
compounds.  Although  they  are  all  quite  closely  related  chemi- 
cally, some  of  them  are  eliminated  by  the  kidney  with  the  same 
marvelous  rapidity  and  completeness  asisphenolsulphonphthalein, 
while  others  appear  in  the  urine  only  in  traces  or  not  at  all. 
The  excretion  seems  to  be  governed  by  no  rule.  With  this  class 
of  compounds,  no  definite  relationship  between  chemical  structure 
and  ^' renal  affinity"  could  be  established.  The  addition  of 
methyl  groups  to  the  phenol  nucleus  (cresolsulphonphthalein) 
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TABLE  1 
Sulphonphthaleins 


Phenolsulphonphthalein 

Thymolsulphonphthalein 

Thymolparanitrosulphonphthalein. . 

Cresolsulphonphthalein 

Cresolparanitrosulphonphthalein 

Salicylsulphonphthalein 

Hydroquinonesulphonphthalein 

Pyrogallolsulphonphthalein 

Pyrocatechinsulphonphthalein 

Guaiacolsulphonphthalein 

Tetranitrophenolsulphonphthalein  . . 

Tetra-aminophenolsulphonphthalein 

Alphanaphtholsulphonphthalein 

Phenol 


ANT18E3^IC  8TBENOTH 


In 
water 


Dilu- 
tk>n 

which 

kills 

B.  coli 

after 

1  hour 


1:200 

1:2000 
1:200 

1:200 
1:200 
1:180 


In  urine 


Dilution  which 

killa  B.  coli 

after 


1  24 

hour       hours 


# 

Hi 
Hi 
# 

1:500 
1:180 


% 

# 
% 
% 
% 
1:1000 
% 
% 

1:200 

% 
1:800 


Dilu- 
tion 
which 
permits 
growth 


200 

200 

200 

200 

200 

200 

200 

200 

2000 

200 

200 

500 
200 
1000 


KXCBmOW— P  E  B- 

cxMTAOB  Arru 

1  HOUB 


70 
Trace 
Trace 
70 
50 
Trace 
40 
30t 
0 
Trace 
Haemoglobin- 
uria 
0 
Unstable 


*  In  this  and  following  tables,  %  indicates  that  a  1 :  200  dilution  failed  to  kill. 

t  When  the  urine,  after  injection  of  pyrogallolsulphonphthalein,  was  made 
alkaline,  an  evenly  distributed  blue  color  appeared,  and  the  above  estimate  of 
excretion  was  made  upon  the  urine  in  this  condition.  Upon  standing,  however, 
the  phosphates  which  settled  out  carried  the  coloring  matter  along  with  them, 
and  the  supernatant  liquid  was  quite  colorless.  This  phenomenon,  which  is 
doubtless  due  to  absorption,  is  unique  among  all  the  dyes  studied.  The  same 
result  was  observed  when  pyrogallolsulphonphthalein  was  added  to  urine,  and 
the  latter,  after  the  addition  of  alkali,  was  centrifuged.  This  shows  that  the 
peculiar  behavior  is  not  due  to  any  change  that  the  dye  may  have  suffered  during 
its  passage  through  the  organism. 


certainly  does  not  interfere  with  excretion,  while  the  addition  of 
the  isopropyl  groups  (thymolsulphonphthalein),  amino  group 
(tetra-aminophenolsulphonphthalein)  and  carboxyl  groups  (sal- 
icylsulphonphthalein) prevents  excretion. 

The  most  interesting  feature  shown  by  the  sulphonphthaleins 
is  the  effect  of  the  addition  of  OH  groups  to  the  phenol  nucleus. 
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Pyrogallolsulphonphthalein,  hydroquinonesulphonphthalein  and 
pyrocatechinsulphonphthalein  are  all  hydroxyl  derivatives,  dif- 
fering only  in  the  number  and  position  of  the  substituent  hydroxyl 
groups,  and,  of  these,  the  pyrogallol  and  hydroquinone  com- 
pounds are  excreted,  whereas  pyrocatechinsulphonphthalein,  the 
only  sulphoriphthalein  shown  to  be  antiseptic  in  urine,  unfortu- 
nately, is  also  the  only  one  not  excreted. 

It  is  probable  that  this  substance  is  not  a  simple  phthalein,  but 
that  it  contains  more  than  the  normal  two  pyrocatechin  residues 
in  combination  with  the  sulphobenzoic  acid  residue.  An  anal- 
ogous compound,  which  was  shown  to  contain  eight  pyrocatechin 
residues,  was  prepared  by  Lyman  and  Gilpin.  This  difference 
between  pyrocatechinsulphonphthalein  and  the  other  sulphon- 
phthaleins  probably  accounts  for  the  unique  behavior  of  this  sub- 
stance as  compared  with  the  others  of  the  series,  as  regards  germi- 
cidal action  in  the  urine. 

Conclusions.  (1)  Several  sulphonphthaleins  other  than  phenol- 
sulphonphthalein  are  excreted  by  the  kidney  with  great  rapidity. 

(2)  None  of  the  sulphonphthaleins  investigated  would  be  of 
value  as  a  urinary  antiseptic,  since  the  only  one  showing  antiseptic 
strength  in  urine  fails  to  be  excreted. 

HALOGEN   DERIVATIVES    OF   SULPHONPHTHALEINS 

To  illustrate  the  chemical  structure  of  the  halogen  derivatives 
of  sulphonphthaleins  investigated  (see  table  2)  the  following 
formulae  are  given: 

CH3 
-OH 

C  ^^^ 

._/        ^        ^/CH3 

SOsNa     ^^    ">  =  O 

Tetrabromphenol-  Dibromcresol- 

sulphonphthalein  sulphonphthalein 
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These  compounds,  all  used  in  the  form  of  the  sodium  salt,  show 
moderate  germicidal  activity  in  water,  possibly  due  to  excess 
alkali  necessary  to  bring  them  into  solution,  but  they  all  become 
inert  in  urine.  The  bromine  derivatives  are  not  excreted,  but 
the  substitution  of  chlorine  does  not  seriously  interfere  with  ex- 
cretion, tetrachlorphenolsulphonphthalein  being  excreted  to  the 
extent  of  35  per  cent  in  one  hour.  Di-iodophenolsulphonphtha- 
lein  is  excreted  in  a  changed  form  of  some  kind,  the  color  of  the 
alkaline  urine  being  much  like  that  of  phenolsulphonphthalein, 
whereas  the  di-iodo  derivative  as  injected  has  a  deep  blue  purple 
color.  On  this  account,  the  colorimetric  estimation  of  the  amount 
of  this  compound  eliminated  was  not  possible.  The  substitu- 
tion of  the  halogens  therefore  shows  a  definite  relationship  be- 
tween the  chemical  composition  and  "renal  aflSnity."  [j^ 

Conclitsions.  (1)  Substitution  of  bromine  in  compounds  of 
the  sulphonphthalein  type  prevents  excretion  by  the  kidney,  but 
substitution  of  chlorine  merely  decreases  the  percentage  of 
elimination. 

(2)  Halogenated  sulphonphthaleins  give  no  promise  of  value 
as  urinary  antiseptics. 

TABLE  2 
Halogenated  stUphonphthaleina 


ANTISEPTIC  STRENGTH 

In 
wator 

In  urine 

EXCBETION — P  E  B  - 

MAMB 

Dilu- 
tion 

which 
kills 

B.  coli 
after 

1  hour 

Dilution  which 

kills  B.  coli 

after 

Dilu- 
tion 
which 

CENTAQE     AFTEK 
1  HOITB 

1 
hour 

24 
hours 

growth 

Tetrabromphenolsulphonphthalein . . . 

#* 

# 

# 

1:200 

0 

Tetrachlorphenolsulphonphthalein. . . 

1:1000 

# 

# 

1:200 

35 

Di-iodophenolsulphonphthalein 

1:1000 

# 

# 

1:200 

Excreted       in 
changed 
form 

Dibromcresolsulphonphthalein 

1:200 

# 

fH 

1:200 

0 

Dibromthymolsulphonphthalein 

1:200 

# 

# 

1:200 

0 

*  0  indicates  that  a  1 :  200  dilution  failed  to  kill. 
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PHTHALEINS 

These  compounds,  listed  in  table  3,  differ  from  sulphonphtha- 
leins  in  that  a  carboxyl  group  replaces  the  sulphonic  acid  group, 
as  shown  by  the  following  formulae: 

x-<' 


COONa^^ 


=  0 


o-" 


ONa 


COONa     >' 


Phenolphthalein 


Tetraiodophenolphthalein 


CI  CI       /— V 

CI-/    N-c 

Cl       COONa\=/ 
Phenoltetrachlorphthalein 

TABLE  3 
Phthaleins 


Phenolphthalein 

Thymolphthalein 

Tetrabromtetrachlorphenolphthalein. . , 

Tetra-iodophenolphthalein 

Phenoltetrachlorphthalein 

Sodium  phenolphthalein  trisulphonate. 


ANTISEPTIC  STRENGTH 


In 
water 


Dilu- 
tion 

which 
kills 

B.  coli 
after 

1  hour 


1:200 
1:200 
1:200 

1:200 
1:200 


In  urine 


Dilution  which 

kills  B.  coli 

after 


1  24 

hour      hours 


Dilu- 
tion 

which 
permits 

growth 


1:200 
1:200 

? 
1:200 

? 
1:200 


»  M 
S  S 


Trace 

0 

0 

Trace 

Trace 

65 


*  #  indicates  that  a  1:  200  dilution  failed  to  kill. 
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The  most  notable  chemical  differences  between  the  two  classes 
of  substances  are:  (1)  the  phthaleins  are  colorless  and  are  nearly 
insoluble  in  water,  as  free  phthaleins,  whereas  the  sulphon- 
phthaleins  are  colored  and  fairly  soluble  in  water;  (2)  the  phtha- 
leins are  weak  acids  and  form  comparatively  unstable  salts,  whereas 
the  sulphonphthaleins,  as  shown  by  White  and  Acree,  are  very 
strong  acids  and  form  stable  salts;  (3)  the  phthaleins  form  only 
dibasic  salts,  whereas  the  sulphonphthaleins  form  monobasic  or 
dibasic  salts. 

TABLE  4 
Xanthones 


Resorcinphthalein  (Fluorescein) 

Resorcinsulphonphthalein         (Sul- 

phonfluorescein) 

Orcinsulphonphthalein 

Resorcinsaccharein 

Rhodamin 

''Mercury  fluorescein" 


ANTISEPTIC  8TBENQTH 


In  water 


Dilution 

which  kills 

B.  coli 

after 

1  hour 


*t 

% 
% 

1:2000 
1:100,000 


In  urine 


Dilution  which 
kills  B.  coli  after 


1  hour      24  hours 


% 
% 
% 

1:8000 


% 
% 

1:10,000 


Dilution 
which 
permits 
growth 


1:200 


200 

200 

200 

1000 

30,000 


90 

75 
70 
70 
60 
90 


*  It  has  been  mentioned  in  the  text,  and  should  again  be  emphasized  here,  that 
these  estimates  are  only  approximate,  as  the  colorimetric  determination  of  fluores- 
cent substances  is  rather  uncertain. 

t  #  indicates  that  a  1 :  200  dilution  failed  to  kill. 


None  of  the  phthaleins  was  antiseptic  in  urine;  nor  was  any  ex- 
creted by  the  kidney,  except  phenolphthalein  trisulphonate.  It 
is  interesting  to  note  that  the  sulphonation  of  phenolphthalein 
gives  a  soluble  compound  (phenolphthalein  sulphonic  acid),  th^ 
sodium  salt  of  which  is  excreted  almost  as  rapidly  and  completely 
as  is  phenolsulphonphthalein.  The  similarity  of  names,  however, 
between  this  compound  and  phenolsulphonphtalein  should  not 
give  the  impression  that  the  two  are  the  same.  They  differ  in 
composition,    structure   and  method   of  preparation.     Phenol- 
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phthalein  trisulphonate  was  prepared  by  direct  sulphonation  of 
phenolphthalein.  Its  sodium  salt  is  a  white  or  slightly  yellow 
powder  readily  soluble  in  water,  giving  a  colorless  solution. 
The  analysis  of  the  salt  indicated  the  presence  of  three  sul- 
phonic  groups.  The  position  of  these  groups  in  the  phenol- 
phthalein molecule  has  not  yet  been  determined,  but  the  follow- 
ing tentative  formula  is  given  for  purposes  of  comparison  with 
phenolsulphonphthalein. 

ySOgNa 


NagOS  - 

CO  -  o  _ 

^SOsNa 
Sodium  phenolphthalein  trisulphonate 

It  is  seen  from  this  formula  that  the  substance  bears  some  rela- 
tion to  both  phenolsulphonphthalein  and  phenolphthalein.  It 
differs  from  both  of  them  in  the  fact  that  it  can  be  brought  into 
solution  in  a  colorless  form,  without  the  addition  of  alkali. 
The  phenolphthalein  exists  in  the  solution  in  the  lactoid  form, 
and  the  phthalein  molecule  is  present  as  the  uncombined  acid. 
Phenolphthalein  trisulphonate  is,  in  effect,  merely  "soluble 
phenolphthalein."  The  addition  of  alkali  to  this  colorless  solu^ 
tion  produces  the  usual  red  color  characteristic  of  phenolphthalein. 

Since  phenolphthalein  trisulphonate  is  rapidly  excreted,  while 
phenolphthalein  is  not,  the  conclusion  might  be  drawn  that  the 
sulphonic  acid  groups  are  essential  to  rapid  elimination.  How- 
ever, this  theory  is  upset  by  the  action  of  the  following  group  of 
compounds,  the  xanthones,  which  demonstrate  that  the  sulphonic 
group  bears  no  essential  relation  to  ''renal  affinity." 

Conclusion.  The  phthaleins  give  no  promise  of  value  as 
urinary  antiseptics. 
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XANTHONES 


Compounds  of  this  class,  listed  in  table  4,  are  characterized 
by  the  fact  that  the  two  phenol  groups  are  linked  together  by  an 
oxygen  atom,  as  illustrated  by  the  following  formulae: 


-ONa 


>-<    > 

COONa       \^/    ^ 

Resorcinphthalein 
(Fluorescein) 


-ONa 


0 


ioOH      X^>  =  NH.CI 
Rhodamin 


S03Na         \=/' 
Resorcinsulphonphthalein 
(Sulphonfluoresceiti) 


SOaNHNa  \=/~ 
Resorcinsaccharein 


It  will  be  seen  that  although  resorcinphthalein  (fluorescein) 
differs  from  phenolphthalein  only  in  the  presence  of  an  oxygen 
atom,  the  two  compounds  possess  divergent  biological  properties. 
All  of  these  compounds  investigated  have  strong  yellow-green  or 
red-green  fluorescence,  and  without  exception  they  are  excreted 
by  the  kidney  with  a  rapidity  as  great  as,  if  not  greater  than, 
that  of  phenolsulphonphthalein,  the  average  rate  of  excretion 
for  the  group  being  about  70  per  cent  in  one  hour.' 

Since  these  compounds  differ  from  each  other  considerably  in  a 
chemical  respect,  but  have  one  characteristic  in  common,  viz., 
the  oxygen  atom  linking  two  phenol  groups,  and  since  they  all 
show  great  ''renal  affinity,"  it  is  reasonable  to  assume  that  we 
have  here  a  definite  relationship  between  chemical  structure 
and  physiological  action.  This  class  further  shows  that  the 
sulphonic  acid  group  is  not  essential  for  rapid  excretion. 


'  The  estimation  of  the  output  of  these  substances  is  subject  to  some  inac- 
curacy, as  the  colorimetric  determination  of  fluorescent  substances  is  a  difficult 
matter. 
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As  germicidal  agents  all  are  inert  excepting  rhodamine  and 
''mercury  fluorescein"  each  of  which  comes  very  close  to  filling 
all  the  requirements  of  the  ideal  urinary  antiseptic.  Rhodamine, 
which  differs  from  fluorescein  in  that  the  two  hydroxyl  groups  are 
replaced  by  amino  groups,  is  chemically  stable  and  non-toxic,  is 
rapidly  excreted,  and  kills  the  colon  bacillus  in  one  hour  in  a 
dilution  of  1 :  2,000,  in  water;  but,  when  the  compound  is  diluted  in 
urine  this  property  is  entirely  lost.  An  investigation  of  the 
nature  of  this  interfering  action  in  urine  has  not  been  completed, 
but  present  experiments  indicate  that  the  loss  of  antiseptic  power 
of  rhodamine  in  urine  cannot  be  accounted  for  merely  by  the 
buffer  value  of  the  urinary  salts,  which  would  tend  to  neutralize 
any  acid  or  basic  properties  that  a  drug  might  possess. 

"Mercury  fluorescein"  is  the  most  interesting  compound  yet 
studied,  and  very  closely  approaches  the  ideal.  The  name  given 
is  at  present  only  tentative,  and  may  be  modified  as  the  result 
of  further  chemical  investigation  on  the  material,  which  is  now 
being  carried  out.  Suffice  it  to  say  that  the  substance,  which 
appears  to  be  a  perfectly  definite  chemical  individual,  is  fluores- 
cein containing  organically  bound  mercury;  that  is,  the  mercury 
is  present  in  a  non-ionic  form.  The  substance  is  chemically 
stable,  is  very  rapidly  excreted  and  is  antiseptic  in  urine.  Its 
toxicity  has  not  yet  been  fully  determined,  and  is  at  present 
being  fully  investigated.  The  results  of  this  investigation,  which 
is  also  including  the  action  of  other  organic  mercury  compounds, 
will  be  the  subject  of  a  subsequent  publication.  With  this  com- 
pound however  we  have  obtained  a  definite  result,  in  that  5 
mgm.  doses,  injected  intravenously,  have  caused  dogs  to  excrete 
urine  which  is  definitely  germicidal  Jor  at  least  one  hour  following 
administration.  Furthermore,  preliminary  experiments  have 
shown  no  injurious  effects  from  this  dosage. 

HALOGENATED   XANTHONES 

The  members  of  this  class  which  were  studied  are  shown  in 
table  5.  The  chemical  structure  of  these  compounds  will  be 
obvious  to  the  reader  from  the  type  formulae  already  given  for 
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xanthones  and  halogenation  products  of  phthaleins  and  sulphon- 
phthaleins. 

None  of  these  substance  showed  any  germicidal  action  in  urine, 
and  only  ''chloreosin"  was  excreted  in  more  than  traces.  The 
excretion  of  this  compound  in  considerable  amount,  together 
with  the  similar  result  obtained  with  tetrachlorphenolsulphon- 
phthalein,  brings  out  strikingly  the  difference  between  the 
physiological  properties  of  substituted  chlorine  as  compared 
with  substituted  bromine. 

TABLE  5 
Halogenated  xanthones 


ANTISEPTIC   STRENGTH 

a 

In 
water 

In  urine 

•< 
z 

8 

NAIfK 

Dilu- 
tion 

which 
kills 

B.  coli 
after 

1  hour 

Dilution  which 

kills  B.  coli 

after 

Dilu- 
tion 

which 
permits 
growth 

O 

1 
hour 

24 
hours 

Tetrabromresorcinphthalein  (Eosin) 

Tetrachlor-resorcinphthalein  (Chloreosin) . . . 

Tetra-iodoresorcinphthalein  (lodeosin) 

Tetra-iodoresorcintetrachlorphthaiein 

Tetrabromresorcindichlorphthalein 

Tribromresorcinsulphonphthalein 

Dibromdinitroresorcinphthalein 

1:200 
1:200 

1:200 

200 

200 

200 

1000 

200 

500 

200 

Trace 

30 
Trace 
Trace 
Trace 
Trace 
Trace 

*  #  indicates  that  a  1 :  200  dilution  failed  to  kill. 


SUMMARY 

The  property  possessed  by  phenolsulphonphthalein,  by  virtue 
of  which  is  it  so  rapidly  eliminated  by  the  kidney,  is  by  no  means 
limited  to  this  compound.  Several  other  more  or  less  closely 
related  compounds  show  the  same  striking  ''renal  affinity,"  and 
might  also  be  of  value  in  testing  renal  function  were  it  not  that 
phenolsulphonphthalein  itself  is  so  nearly  ideal  for  this  purpose. 

Compounds  of  the  xanthone  class,  that  is,  phthaleins  (though 
not  necessarily  sulphonphthaleins)  in  which  there  is  an  oxygen 
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atom  linking  the  two  phenol  groups,  show  a  similar  remarkable 
''renal  affinity." 

The  bromination  of  these  compounds,  both  sulphonphthaleins 
and  xanthones,  almost  completely  prevents  the  excretion,  but 
chlorination  merely  diminishes  the  excretion.  lodination  pre- 
vents excretion  or  gives  rise  to  elimination  of  the  substance  in  a 
modified  form. 

In  view  of  the  hitherto  overlooked  fact  that  numerous  actively 
germicidal  compounds  lose  their  strength  (due  to  an  as  yet  un- 
explained cause)  when  simply  diluted  with  urine  in  a  test  tube, 
the  value  of  every  drug  used  for  the  purpose  of  urinary  anti- 
sepsis ought  to  be  questioned  until  its  antiseptic  strength  in 
urine  has  been  experimentally  demonstrated. 

It  has  been  possible  to  establish  a  certain  relationship  be- 
tween chemical  structure  and  renal  excretion,  and  to  predict, 
with  a  reasonable  amount  of  accuracy,  which  drugs  will  and 
which  will  not  be  excreted.  The  synthesis  of  germicidal  com- 
pounds, very  closely  related  to  the  types  excreted,  has  been  ac- 
complished; one  of  these  compounds,  rhodamine,  was  excreted 
and  would  have  been  satisfactory  but  for  the  interfering  action 
of  the  urine;  another  compound  "mercury  fluorescein,"  has  been 
found  to  be  rapidly  excreted  and  to  produce  germicidal  urine. 

It  is  hoped  that  these  experiments  may  call  attention  to  the 
inadequacy  of  the  urinary  antiseptics  in  general  use,  and  stimu- 
late interest  in  the  possibilities  offered  by  synthetic  chemistry. 
The  investigation  is  being  continued  and  the  properties  of  vari- 
ous related  compounds  are  being  studied.  Some  of  these  com- 
pounds are  old  and  well  known,  and  others  are  new  and  have 
been  synthesized  so  as  to  contain  various  chemical  groups  which 
are  known  to  possess  desired  biological  properties. 
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THE  DEVELOPMENTAL  STAGES  OF  THE  HUMAN 
SEMINAL  VESICLES 

ERXEST  M.  WATSOX 

Buffalo,  New  York 

{From  the  Jame^  Buchanan  Brady  Uroloffical  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland) 

From  the  time  of  Fallopius  (1)  who  first  described  the  occur- 
rence and  position  of  the  seminal  vesicles,  until  comparatively 
recent  years  very  little  study  has  been  given  either  to  their 
function  or  anatomical  detail.  An  increasing  importance  has 
of  late  been  accorded  these  structures  largely  through  apprecia- 
tion of  the  role  of  chronic  suppuration  in  relation  to  various  sys- 
temic disorders.  The  knowledge  concerning  the  development 
of  the  seminal  vesicles  is  strikingly  meager,  and  with  the  excep- 
tion of  the  work  of  Pallin  (2)  in  1901  who  studied  four  embryos 
in  serial  sections,  there  are  very  few  examples  of  original  obser- 
vation on  their  development.  Lowsley  (3)  in  1912,  reporting 
his  work  on  the  development  of  the  human  prostate  gland,  refers 
briefly'  to  the  embryology  of  the  seminal  vesicles,  stating  that  at 
birth  each  vesicle  consists  of  five  lumina  in  the  upper  part,  aU  of 
which  communicate  lower  down,  the  end  duct  finally  connecting 
with  the  ampulla  of  the  vas  deferens  to  form  the  ejaculatory 
duct.  In  a  more  detailed  study  (4)  the  histologic  and  morpho- 
logic changes  occurring  in  the  fetal  stages  of  the  seminal  vesicles 
have  been  reported  at  length. 

During  the  thirteenth  week  of  intra-uterine  life  the  first  indi- 
cation of  the  formation  of  the  seminal  vesicles  is  en.^ountered. 
This  is  seen  as  a  slight  bulging  or  evagination  of  the  lateral 
aspect  of  the  Wolffian  ducts  at  a  level  about  0.25  mm.  above  the 
beginning  prostate  gland.  This  out-pocketing  is  at  first  very 
slight  and  appears  merely  as  a  diverticulum  of  the  Wolffian  duct^ 
having  the  same  mucous  lining,  supporting  membrane  and  sur- 
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rounding  layers  of  undifferentiated  mesenchymatous  cells  as  the 
Wolffian  duct  itself.  These  out-pocketings  appear  simultane- 
ously and  vary  only  slightly  in  size  and  level  of  origin.  Their 
lateral  diameter  at  this  stage  is  always  greater  than  their  perpen- 
dicular height.  As  the  sections  of  the  earliest  stage  are  carjefuUy 
studied  a  definite  furrow  of  demarcation  is  noted  between  the 
out-pushing  or  vesicle  and  the  Wolffian  duct.  The  constricting 
isthmus  even  in  this  earliest  stage  gives  the  vesicle  an  almost 
pedunculated  appearance. 


Q.Wolffi, 


Ysem. 


Vscm. 


Fig.  1.  Specimen  768c  (Carnegie  Embryological  Collection) 

Fetus  80.3  mm.  long,  thirteen  weeks  old.  Reconstructed  drawing  from  75 
serial  sections  showing  the  evagination  of  the  Wolffian  ducts  to  form  the  seminal 
vesicles.     X  50. 


Between  the  thirteenth  and  fourteenth  week  a  very  appreci- 
able growth  takes  place,  for  at  the  latter  time  the  structures  have 
become  branched  or  bifurcated  organs  and  have  a  dimension  of 
approximately  1  by  0.5  mm.  The  lateral  measurement  is  still 
greater  than  the  perpendicular  as  in  the  earlier  specimen.  The 
picture  of  the  vesicle  now  shows  a  fairly  long  chief  or  proximal 
canal  which  joins  the  Wolffian  duct  practically  at  right  angles. 
The  distal  extremity  of  the  vesicle  is  forked  or  V-shaped,  show- 
ing a  very  definite  development  of  diverticula,  while  along  the 
proximal  canal  the  irregularities  of  early  budding  or  pouch  for- 
mation are  readily  made  out.  The  histology  of  the  vesicle  has 
not  changed  perceptibly  during  this  intervening  period.     Its 
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lining  and  its  various  diverticula  are  still  continuous  with  that 
of  the  Wolffian  duct  as  a  single  layer  of  mucous  cells  supported 
by  a  definite  basement  membrane  surrounded  by  numerous  layers 
(10  to  12)  of  undifferentiated  mesenchymatous  cells. 

At  the  sixteenth  week  of  intra-uterine  life  the  seminal  vesicles 
present  the  same  general  picture  as  observed  in  the  previous 
specimen.  The  intervening  time  has  produced  simply  a  growth 
in  the  form  and  architecture  already  laid  down,  rather  than 
the  formation  of  new  diverticula  and  out-pushings.  The  strik- 
ing change  during  this  period  has  been  the  increase  in  the  height 
or  anterior-posterior  length  of  the  organs.     This  new  direction 


Fig.  2.  Specimen  13o8e  (Carnegie  Embryological  Collection) 

Fetus  105  mm.  long,  fourteen  weeks  old.     Reconstructed   drawing  from  20 
serial  sections  showing  the  seminal  vesicles  and  Wolffian  ducts.     X  25. 

of  growth  has  given  to  the  v^esicles  an  alignment  more  like  their 
position  at  birth.  It  is  worthy  of  note  in  this  connection  that 
every  detail  in  the  arrangement  of  their  out-pocketings  remains 
unchanged.  The  distal  ends  of  the  vesicles  remain  forked  or 
bifurcated  in  two  distinct  and  well  formed  channels  which  con- 
nect with  the  proximal  canal  or  chief  duct  which  is  the  original 
outgrowth  from  the  Wolffian  duct.  The  proximal  canal  is  of 
about  the  same  length  as  in  the  preceding  specimen  but  shows  in 
addition  a  more  definite  tendency  to  sacculation.  The  diameter 
of  the  proximal  canal  has  increased  in  size  and  it  here  joins  the 
Wolffian  duct  at  an  angle  of  about  45  degrees,  which  fact,  accounts 
in  a  considerable  measure  for  the  increase  in  the  anterior-posterior 
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length  of  the  organs.  The  dimensions  of  each  vesicle  at  this 
stage  is  a  trifle  over  1  by  0.75  mm.  with  the  greatest  length  ex- 
tending perpendicularly. 

Between  the  sixteenth  and  nineteenth  week  a  very  notable 
growth  takes  place.  This  is  evidenced  by  an  increase  in  the 
number,  and  also  by  the  marked  irregularity  and  elongated 
growth  of  the  sacculations  of  the  middle  and  distal  portions  of  the 
vesicles.  At  the  latter  date  in  this  specimen  the  left  vesicle 
consists  of  seven  well  formed  separate  channels  of  appreciable 
length  which  connect  with  each  other  or  with  the  proximal  canal 


Fig.  3.  Specimen  1018  (Carnegie  Embryological  Collection) 

Fetus  130  mm.  long,  sixteen   weeks    old.     Reconstructed    drawing   from  78 
serial  sections  showing  the  seminal  vesicles  and  Wolffian  ducts.     X  25. 

to  form  a  very  irregular  branched  organ.  The  right  vesicle 
here  shows  only  five  elongated  sacculations,  but  in  other  respects 
its  general  form,  size  and  architecture  are  similar  to  its  fellow 
of  the  opposite  side.  The  proximal  canals  coming  from  the 
Wolffian  ducts  show  in  general  no  marked  change  from  those 
of  the  previous  specimen.  They  are  still  of  about  the  same 
length  but  increased  somewhat  in  diameter  with  a  little  more 
marked  irregularity  and  a  still  greater  tendency  to  sacculation 
and  pocket  formation.  The  Wolffian  ducts  in  this  specimen 
show  a  definite   dilatation  with   beginning  sacculation  in  the 
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region  of  the  ampullae,  which  is  the  first  indication  of  the  future 
irregularity  of  this  part  to  be  noted  in  this  study.  The  vesicles 
at  this  stage  measure  about  1.4  bj^  1.2  mm.  in  diameter,  the 
right,  being  slightly  longer  in  its  anterior-posterior  length,  while 
the  left  has  its  greatest  diameter  laterally  from  the  union  with 
the  Wolffian  duct. 

The  next  specimen  studied  at  twenty-one  weeks  shows  no  ap- 
preciable growth  in  size  of  the  vesicles  but  rather  an  overlapping 
or  fusing  of  the  elongated  finger  like  processes  already  formed. 
This  occurrence  gives  a  picture  in  lateral  view  of  wider,  larger 


Fig.  4.  Specimen'  1049  (Carnegie  Embkyological  Collection) 

Fetus  171.4  mm.  long,  nineteen  weeks  old.     Reconstructed  drawing  from  54 
serial  sections  showing  the  seminal  vesicles  and  Wolffian  ducts.     X  25. 


sacculations,  which  in  many  instances  are  simply  superimposed 
out-pocketings.  On  the  left  side  are  encountered  nine  elon- 
gated diverticula  and  on  the  right  seven  similar  out-pouchings. 
These  are  of  varying  size  and  length  and  many  of  them  have 
their  origin  from  the  proximal  canal,  which  has  now  notably 
increased  in  size,  though  still  maintaining  its  same  angle  of 
position  with  the  Wolffian  duct.  The  region  of  the  ampullae 
is  here  considerably  dilated  and  somewhat  irregular.  The 
common  ejaculatory  ducts  show  no  marked  increase  in  size. 
The  seminal  vesicles  at  this  time  measure  about  0.5  bv  1  mm. 
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Fig.  5.  Specimen  1171  (Carnegie  Embryological  Collection) 

Fetus  178  mm.  long,  twenty-one  weeks  old.     Reconstructed  drawing  from  22  serial  sec- 
tions showing  the  seminal  vesicles  and  Wolffian  ducts.     X  25. 


Fig.  6.  Specimen  1172  (Carnegie  Embryological  Collection) 

Fetus  221  mm.  long,  twenty-five   weeks  old.     Reconstructed  drawing  from  16  serial 
sections  showing  the  seminal  vesicles  and  Wolffian  ducts.     X  12|. 
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in  diameter  having  the  greatest  dimension  lateralward  from  the 
Wolffian  duct. 

At  the  twenty-fifth  week  of  fetal  Hfe  the  architectural  picture 
of  the  morphology  of  the  vesicles  presents  only  a  few  changes 
from  that  observed  in  the  previous  specimen.  One  appreciable 
difference  at  this  time,  as  in  the  stage  previously  described,  has 
been  a  reversion  of  position  and  dimension  to  the  earlier  fetal 
type,  i.e.,  the  greatest  diameter  extends  lateralward  from  the 
Wolffian  duct  instead  of  perpendicularly  as  in  some  of  the  inter- 
mediate stages.  Another  point  of  difference  has  been  the  over- 
lapping or  superimposing  of  certain  of  the  elongated  branching 
sacculations,  even  more  marked  than  in  the  preceding  speci- 
men, to  give  a  picture  of  fewer,  longer  out-pouchings.  This, 
however,  is  not  necessarily  the  case,  for  while  the  lateral  picture 
presents  fewer  branches,  careful  microscopic  study  through 
numerous  serial  sections  shows  that  the  individuality  of  the  dif- 
ferent canals  is  maintained  throughout.  At  this  stage  the  char- 
acter of  the  sacculations  has  become  more  nearly  the  picture 
seen  at  birth.  Their  walls  are  well  formed,  composed  of  a  very 
definite  musculature  and  the  lumen  of  each  is  larger  than  in 
any  of  the  earlier  specimens.  Five  elongated  sacculations  are 
encountered  in  the  body  of  the  left  vesicle  in  this  specimen, 
most  of  which  arise  from  the  proximal  canal.  In  the  right 
vesicle,  also,  five  irregular  elongated  sacculations  are  noted 
some  of  which  overlap  yet  maintain  their  individual  lumina 
throughout.  These,  too,  arise  for  the  most  part  from  the  proxi- 
mal canal,  which,  as  with  its  fellow  on  the  left  side,  is  much 
shorter  and  of  smaller  caliber  than  in  the  previous  specimen. 
The  ampullae  show  considerable  irregularity  and  sacculation 
while  the  common  ejaculatory  duct  has  markedly  increased  in 
size  reaching  very  nearly  the  proportions  observed  at  birth. 
The  vesicles  measure  a  little  over  0.5  by  1  mm.  in  this  specimen, 
the  widest  diameter  being  lateralward  from  the  Wolffian  duct. 

Between  the  twenty-fifth  and  thirty-first  weeks  occurs  the 
most  marked  growth  and  development  of  the  vesicles.  From  all 
standpoints  this  is  greater  than  during  any  sunilar  period  of 
fetal  life.    At  the  thirty-first  week  the  vesicles  appear  as  mark- 
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Fig.  7.  Specimen  7 

Fetus  276  mm.  long,  thirty-one  weeks  old.     Reconstructed  drawing  from  173  serial 
sections  showing  the  seminal  vesicles  and  Wolffian  ducts.     X  8. 


Fig.  8.  Specimen  8 

Fetus  338  mm.  long,  at  birth.     Reconstructed  drawing  from  120  serial  sections  show- 
ing the  seminal  vesicles  and  Wolffian  ducts.     X  8. 
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edly  convoluted  irregular  organs.  Their  growth  for  the  most  part 
has  been  along  the  distal  and  middle  portions  and  consists  in  an 
increase  in  size  of  all  sacculations  with  much  overlapping  and 
in  many  places  of  an  almost  corkscrew  Hke  tortuosity.  The 
vesicles  in  their  perpendicular  growth  have  come  to  lie  almost 
parallel  to  the  Wolffian  ducts  with  many  finger  like  processes 
projecting  in  all  directions.  The  proximal  canal,  or  practically 
the  first  third  of  the  vesicle,  remains  in  this  specimen  as  in 
those  previously  described  as  a  definite  entity.  This  has  in- 
creased notably  in  size  during  the  last  few  weeks  and  is  now 
somewhat  funnel  shaped  with  its  apex  forming  the  union  with 
the  Wolffian  duct.  The  irregularity  of  the  proximal  canal  is 
still  present,  though  the  definite  elongated  sacculations  arising 
from  it,  at  least  in  the  portion  nearest  the  Wolffian  duct,  are 
still  very  few.  Forming  the  left  .vesicle  can  be  counted  ten 
rather  large  finger  like  processes  springing  from  each  other  and 
from  the  proximal  canal  in  a  variety  of  forms.  Each,  however, 
maintains  its  individual  canal  from  its  origin  to  the  end  which  is 
always  a  closed  or  blind  pocket.  The  right  vesicle  also  has  ten 
somewhat  similar  branching  finger  like  processes,  thus  making 
the  structures  in  this  specimen  pretty  well  balanced  organs  yet 
differing  notably  in  the  detail  of  alignment.  The  vesicles  in  this 
specimen  measure  about  5.5  by  2.5  mm.  in  diameter,  with  the 
greatest  length  extending  perpendicularly  along  the  Wolffian 
ducts.  The  ampullae  at  this  time  present  a  picture  of  markedly 
dilated  channels  from  which  arise  several  (3  to  5)  sacculated  finger 
like  processes  in  a  variety  of  lengths  and  configurations.  Each 
sacculation  ends  in  a  blind  pouch  but  in  every  case  its  canal  is 
patent  throughout  from  its  origin  at  the  main  lumen  of  the 
ampulla. 

The  last  specimen  studied  in  this  series  was  a  fetus  at  full 
term.  Between  the  thirty-first  week  of  intra-uterine  life  and 
birth  a  very  considerable  growth  takes  place.  This,  however,  is 
not  manifest  as  an  increase  in  size  of  the  vesicles  but  rather  an 
increase  in  their  irregularities  and  complexities  of  detail.  The 
overlapping  and  superimposing  of  the  various  elongated  saccu- 
lations have  continued  during  the  interval  just  passed  until  now 
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the  lateral  view  of  the  vesicles  presents  a  most  ragged  and 
irregular  outline.  This  great  irregularity  of  contour  has  taken 
place  throughout  the  middle  and  distal  portions  of  the  body  of  the 
vesicle  while  the  medial  third  or  proximal  canal  remains  practi- 
cally unchanged.  The  body  of  each  vesicle  is  in  this  specimen, 
at  birth,  composed  of  ten  well  defined  main  channels  or  diverti- 
cula. These  are  dilated  pouches,  some  of  which  are  of  consid- 
erable length  and  width,  while  others  are  more  shallow  and  arise 
from  each  other  or  from  the  proximal  canal.  In  addition  to  these 
ten  main  channels  or  diverticula  there  are  numerous  saccules 
arising  from  the  diverticula  and  proximal  canal.  The  latter  are 
shallow  cup  like  depressions  from  the  lumina  of  the  canals  which 
contribute  greatly  to  the  irregular  outlines  of  the  organs.  The 
various  channels  are  in.  direct  continuity  with  each  other  through- 
out, and  through  the  proximal  canal  finally  join  the  ampulla 
which  then  becomes  the  common  ejaculatory  duct.  At  birth  the 
main  channels  of  the  vesicle  are  in  addition  traversed  by  a  net 
work  of  divisions  which  serve  as  a  reticulated  frame  work  for 
many  of  the  saccules.  The  vesicles  in  this  specimen  measure 
4.75  by  3.75  mm.  the  left  having  the  greatest  diameter  perpen- 
dicularly, while  the  right  has  its  greatest  diameter  laterally 
from  the  Wolffian  duct.  The  ampullae  at  this  time  show  a 
morphology  no  more  complex  than  at  thirty-one  weeks,  yet  re- 
semble to  a  considerable  degree  the  outline  of  the  distal  portion 
of  the  vesicles  themselves.  They  have,  however,  no  inner  net 
work  of  divisions.  The  common  ejaculatory  duct  formed  by  the 
union  of  the  vesicle  with  the  ampulla  remains  as  a  rather  large 
dilated  structure  until  well  within  the  substance  of  the  prostate. 

SUMMARY 

1.  During  the  thirteenth  week  of  intrauterine  life  the  seminal 
vesicles  first  appear  as  lateral  evaginations  from  the  walls  of  the 
Wolffian  ducts  in  their  lower  portion  just  above  the  tubules  of  the 
prostate. 

2.  By  the  fourteenth  week  their  future  architecture  is  well  out- 
lined with  a  proximal  canal  and  a  branched  vesicle  proper  with 
definite  sacculations. 
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3.  The  WoljSian  ducts  become  dilated  and  their  diverticula 
appear  by  the  nineteenth  week. 

4.  At  the  twenty-fifth  week  each  vesicle  consists  of  five  or 
more  elongated  channels  which  join  each  other  or  the  proximal 
canal  to  form  an  irregular  branching  organ. 

5.  Between  the  twenty-fifth  and  thirty-first  week  is  the  period 
of  greatest  growth. 

6.  At  birth  each  vesicle  consists  of  ten  elongated  fingerlike 
processes  with  many  shallow  saccules  arising  from  them.  These 
join  each  other  or  the  proximal  canal  to  form  an  extremely  irregu- 
lar convoluted  organ.  In  general  both  vesicles  are  similar  as 
regards  size  and  structure,  but  the  details  of  architecture  may 
vary  considerably.  They  measure  at  birth  4.75  by  3.75  mm.  in 
diameter. 

I  desire  to  thank  Dr.  Hugh  H.  Young,  Director  of  the  James 
Buchanan  Brady  Urological  Institute,  and  Dr.  George  L. 
Streeter  of  the  Embryological  Department  of  the  Carnegie 
Foundation  for  their  many  courtesies  extended  during  this  study. 
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C.  J.  H.,  a  fruit  broker,  aged  forty-eight  years,  first  came 
under  my  observation  April  26,  1914.  The  following  history- 
was  obtained.  He  had  had  successive  attacks  of  renal  colic, 
the  first  on  the  right  side  in  1908,  the  second  on  the  left  in  1912 
and  in  1913  two  more  attacks  during  which  he  passed  several 
small  calculi.  Finally  the  attack  of  two  weeks  duration  for 
which  he  sought  my  ad\'ice. 

Upon  abdominal  examination  the  right  kidney  region  was 
negative:  no  mass,  no  tenderness.  The  left  side  was  the 
site  of  a  large  tumor,  very  tender  to  pressure,  fend  roent- 
genographic  examination  revealed  two  large  shadows  in  lower 
pole.  The  bladder  urine  was  verj^  cloudy  and  contained  a  large 
amount  of  pus.  Upon  cystoscopy  the  bladder  appeared  quite 
healthy.  Both  ureters  were  readily  catheterized  with  the  fol- 
lowing findings :  the  urine  from  the  right  was  normal  in  appear- 
ance, shghtly  acid  and  negative  for  pathological  elements;  the 
left  contained  a  trace  of  albumin,  a  small  amoimt  of  blood, 
a  little  pus  and  many  cells  from  the  convoluted  tubules,  pelvis 
and  ureter.  Phthalein  appeared  on  the  right  in  five  and  one-half 
minutes  and  on  the  left  in  four  and  one-half  minutes,  the  total 
output  for  one  hour  42  per  cent.  The  badly  infected  condition 
of  the  bladder  urine  in  contradistinction  to  the  specimens  ob- 
tained by  ureteral  catheterization  could  be  explained  by  as- 
suming the  existence  of  two  ureters  on  the  left  side,  the  one 
draining  the  more  healthy  half  kidney  being  catheterized. 

On  ^lay  4,  1914,  following  an  extremely  severe  attack  of  colic, 
the  left  kidney  was  exposed  and  an  extensive  perinephritis  found. 
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The  fatty  capsule  (of  the  kidney)  was  densely  adherent  to  the 
surrounding  structures,  including  the  muscles  along  the  spine 
and  descending  colon  which  were  dissected  directly  from  it-  The 
kidney  itself  was  apparently  healthy  and  not  involved  in  the  ex- 
tensive perirenal  inflammation.  On  further  examination  two 
distinct  cavities  filled  with  granulation  tissue,  pus  and  debris 
were  found  in  the  lower  portion  of  the  perirenal  mass  and  a 
definite  communication  between  them  and  the  upper  ureter  was 
demonstrated.  The  infecting  organism  was  the  staphylococcus 
aureus.  The  fatty  capsule  was  stripped  from  the  surface  of  the 
kidney  and  the  multiple  abscess  cavities  removed  en  masse.  It 
should  be  stated  at  this  point  that  two  years  previously,  while 
cranking  an  automobile,  the  patient  suffered  an  injury  to  the 
left  side  which  probably  explains  the  origin  of  the  perinephritis. 
Following  the  operation  there  was  considerable  nausea  and  for 
four  days  the  urine  contained  a  large  amount  of  pus.  About 
three  weeks  after  operation  when  the  wound  was  almost  healed, 
the  patient  had  a  chill  and  elevation  of  temperature  to  105  fol- 
lowed by  anuria.  Coincident  with  this  there  developed  in  the 
right  flank  a  palpable  tumor  which  proved  to  be  the  kidney,  dis- 
placed probably  by  prolonged  straining  incident  to  nausea  and 
vomiting  following  anesthesia.  At  operation  the  ureter  was  found 
to  be  kinked  as  a  result  of  the  ectopic  position  of  the  kidney  and 
this  apparently  resulted  in  the  acute  hydronephrosis.  After  a 
pyelotomy  for  drainage  had  been  performed,  the  kidney  was  de- 
livered and  decapsulated.  Beneath  the  capsule  were  numerous 
small  abscesses  ranging  in  size  from  1  to  5  mm.  The  kidney  was 
then  replaced,  many  yards  of  gauze  so  packed  beneath  it  as  to 
correct  the  kinked  condition  of  the  ureter  and  a  drain  sewed 
into  the  pelvis.  A  large  catheter  passed  up  the  ureter  dem- 
onstrated its  patency.  Within  a  few  hours  after  his  recovery 
from  the  anaesthetic,  a  considerable .  quantity  of  urine  was  re- 
covered by  the  catheter  although  the  bladder  had  been  emptied 
before  operation.  The  patient  improved  rapidly,  the  temperature 
returned  to  normal,  the  urine  became  clear  and  the  fistula 
closed.  In  another  three  weeks  however  the  ureter  again  be- 
came obstructed,  there  was  urinary  retention  and  fever  and  a 
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pyelotomy  was  done,  the  resulting  fistula  persisting  until  the  time 
of  his  death. 

The  patient  suffered  from  severe  attacks  of  pain  and  was  fre- 
quently nauseated.  .During  his  acute  illness  he  had  become 
accustomed  to  heroin  which  controlled  the  attacks  more  or  less. 
He  led  a  stormy  life  of  invalidism  until  March  13,  1917,  giving 
a  remarkable  exhibition  of  how  a  man  may  live  and  work  under 
the  most  unfavorable  circumstances.  From  time  to  time  the 
ureter  would  become  obstructed,  to  be  followed  by  chills  and 
elevations  of  temperature  which  would  confine  him  to  his  bed  for 
days,  sometimes  for  weeks. 

On  October  10,  1916,  he  complained  of  pain  in  the  bladder. 
Upon  cystoscopy,  the  first  examination  of  this  kind  since  the  pre- 
Uminary  operation,  an  ulcer  covered  by  a  slough  was  found 
on  the  anterior  bladder  wall  near  the  position  of  the  air  bubble. 
From  this  time  on  the  patient's  symptoms  were  referred  to  the 
bladder  entirely.  He  bled  a  great  deal  and  suffered  intensely. 
In  January,  1917,  under  gas  oxygen  anaesthesia,  another  cys- 
toscopy served  to  confirm  our  former  suspicion,  namely,  that 
we  were  dealing  with  a  maUgnant  growth.  Catheterization  of 
the  left  ureter  recovered  30  cc.  of  clear  urine  free  from  micro- 
scopic pus.  There  was  no  obstruction  to  the  passage  of  the 
catheter  until  it  reached  the  apex  of  the  wound  in  the  loin. 

His  pain  continued  to  increase  and  on  March  8,  through  an 
exploratory  incision,  the  bladder  was  found  densely  adherent 
to  the  pelvis,  its  anterior  and  right  lateral  walls  being  trans- 
formed into  a  mass  with  the  density  of  bone.  The  retroperi- 
toneal glands  were  enlarged  and  indurated  and  the  omentum 
was  adherent  to  the  bladder.     Death  occurred  five  days  later. 

At  autopsy  the  findings  were  of  sufficient  interest  to  warrant 
a  detailed  description. 

The  right  lu-eter  was  20  cm.  in  length  and  dilated;  the  narrow 
ureteral  orifice  readily  admitted  the  passage  of  a  catheter  and 
back  of  it  in  the  intramural  portion  of  the  ureter  was  a  triangular 
dilatation  at  the  upper  end  of  which  was  a  transverse  bar  which 
may  have  been  congenital.  Above  this  for  a  distance  of  5  cm. 
the  ureter  was  greatly  dilated,  the  area  of  dilatation  however 
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ending  in  a  definite  stricture.  At  about  its  mid  portion,  the 
ureter  is  lined  by  a  mucosa  much  thickened  by  inflammatory 
change.  The  pelvis  and  calyces  were  markedly  dilated,  the 
calyces  containing  many  cysts  ranging  in  size  from  1  to  5  mm. 
and  each  of  which  was  filled  with  a  colloid  like  material.  On 
section  the  kidney  presented  a  picture  typical  of  interstitial 
nephritis  plus  a  number  of  microscopic  abscesses.  At  the  lower 
pole  there  was  scar  formation  with  obliteration  of  the  tubules  and 
glomeruli.  On  turning  back  the  capsule  a  most  interesting  find- 
ing was  disclosed.  A  new  capsule  had  been  formed,  very  dense 
and  thick,  and  new  blood  vessels  could  be  seen  entering  it. 

On  the  left  side  the  ureter  was  markedly  dilated  and  in  its 
lower  portion  was  a  moderate  sized  stone  which  had  disintegrated 
to  a  considerable  extent.  At  the  time  of  operation  this  ureter 
was  palpated  as  far  down  as  its  insertion  into  the  bladder  and 
found  to  be  greatly  indurated  and  thickened. 

Examination  of  the  bladder  revealed  in  the  region  of  the  tri- 
gone, just  anterior  to  the  ureteral  orifices,  ulcers  with  raised 
edges.  This  same  condition  was  found  on  the  floor  of  the  blad- 
der back  of  the  right  ureter.  On  the  anterior  and  lateral  walls, 
extending  for  some  distance  into  the  bladder  cavity  and  dim- 
inishing considerably  its  capacity,  was  a  malignant  neoplasm. 
The  symptoms  referred  to  the  bladder  during  the  last  fifteen 
months  of  the  patient's  life  were  due  to  the  contracted,  ulcer- 
ated bladder,  the  site  of  a  malignant  growth. 

The  most  interesting  features  presented  by  this  case  are: 

1.  It  illustrates  how  little  renal  tissue  is  required  to  preserve 
human  life  and  to  carry  on  the  usual  functions  of  the  kidney. 

2.  The  great  resistance  offered  by  some  individuals  to  infec- 
tions of  the  urinary  organs. 

3.  The  reformation  of  the  capsule  of  the  right  kidney  after  its 
surgical  removal  by  decapsulation. 
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From  the  James  Bxicfianan  Brady  Urological  Institvie,  The  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

In  view  of  the  well  recognized  damage  to  the  renal  paren- 
chyma in  pyelography  due  to  the  retention  of  collargol  in  the 
renal  pelvis,  this  study  was  undertaken  to  determine  whether 
thorium  solution  ever  caused  damage  to  the  renal  parenchyma 
when  so  retained.  It  was  also  considered  desirable  to  see  what 
changes  might  be  produced  by  such  innocuous  substances  as  sterile 
water  and  normal  salt  solution,  under  similar  conditions,  and  also 
to  determine,  when  any  parenchymal  changes  were  found,  whether 
or  not  such  changes  were  due  to  the  retained  solution  as  such 
or  to  other  concomitant  conditions,  such  as  increased  intra- 
renal  tension  or  infection  (either  introduced  or  already  present). 

The  pyelographic  media  selected  for  study  were  thorium 
and  collargol  because  of  their  more  general  usage.  Since  the 
introduction  of  thorium  solution  (1)  as  a  pyelographic  medium 
it  has  been  employed  in  at  least  five  hundred  cases  in  this  clinic 
with  absolutely  no  untoward  effects.  Examination  of  the  kid- 
neys which  have  been  removed  at  operation  has  failed  to  reveal 
any  parenchymal  change  which  could  be  ascribed  to  the  thorium 
solution  used  in  the  pyelographic  studies.  The  dangers  due 
to  collargol  are  well  known,  whether  it  be  retained  or  not.  Col- 
largol not  only  acts  directly  on  the  kidney  itself  but  in  many 
instances  has  caused  death  through  its  general  systemic  action. 
These  observations,  it  will  be  shown  later,  have  been  borne 
out  experimentally.  These  experiments  were  controlled  by 
others  in  which  such  harmless  substances  as  sterile  water  and 
salt  solution  were  introduced  into  the  renal  pelvis  in  the  same 
manner  as  the  pyelographic  media.     It  was  also  thought  well 
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to  see  what  parenchymal  changes  would  occur  in  animals  where 
they  could  be  solely  due  to  retained  urine  as  in  complete  hgation 
of  the  ureter. 

The  procedure  used  in  these  experiments  was  as  follows: 
After  the  animal  was  completely  anaesthetized,  a  skin  in- 
cision about  4  cm.  in  length  was  made  beginning  in  the  costo- 
vertebral angle  at  the  border  of  the  erector  spinae  muscles 
and  extending  along  the  costal  border  about  1  cm.  below  it. 
After  dividing  the  fascia  and  muscles  by  sharp  dissection,  the 
lumbar  fascia  was  pierced  by  a  straight  clamp,  this  opening 
being  enlarged  by  separating  the  blades  of  the  clamp,  and  later 
with  the  fingers.  The  posterior  parietal  layer  of  the  peritoneum 
was  exposed  as  well  as  the  lower  pole  of  the  kidney  with  its 
surrounding  fatty  capsule.  The  finger  was  then  introduced 
into  the  wound  and  the  perito*neum  pulled  forward.  By  this 
procedure  the  ureter  was  brought  into  view  lying  on  the  pos- 
terior surface  of  the  peritoneum.  It  was  lifted  from  its  bed  by 
a  blunt  hook  and  freed  from  the  surrounding  tissues  by  blunt 
dissection,  care  being  taken  not  to  injure  the  periureteral  vessels. 
Two  heavy  silk  ligatures  were  placed  around  the  ureter,  the  lower 
one  tied  tightly  and  the  upper  one  left  loose.  The  index  finger 
of  the  left  hand  was  then  placed  below  the  ureter  and  the  needle 
connected  by  means  of  rubber  tubing  with  a  burette  which  con- 
tained the  fluid  to  be  introduced,  inserted  into  the  lumen  of  the 
ureter.  The  fluid  was  allowed  to  flow  into  the  renal  pelvis  and 
ureter  by  gravity,  the  burette  being  held  only  a  few  inches 
above  the  level  of  the  body  of  the  animal  so  as  to  avoid  over- 
distending  of  the  pelvis  and  forcing  the  fluid  into  the  renal  paren- 
chyma. For  this  latter  reason  a  syringe  was  never  used  in  mak- 
ing the  injection.  After  carefully  recording  the  number  of  cubic 
centimeters  introduced,  the  upper  ligature  was  tied  tightly  as  the 
needle  was  withdrawn.  The  ureter  was  then  returned  to  its  nor- 
mal position  and  the  wound  closed  with  silk  ligatures  throughout. 
This  procedure  was  employed  in  twenty-four  animals.  Of  this 
number  in  five  instances  complete  ligation  of  the  ureter  alone 
was  done.  Four  had  injections  of  normal  salt  solution;  two 
injections  Of  sterile  water;  eight  injections  of  thorium  solution; 
and  four  injections  of  coUargol. 
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This  was  done  in  dogs  1,  17,  18,  23  and  24.  In  all  of  these 
animals  hydronephrosis  was  found  at  autopsy.  In  dog  1,  at 
the  autopsy  sixty-seven  days  after  the  ligation,  the  kidney  on 
this  side  was  found  to  be  smaller  than  the  opposite  one  (fig.  1). 
It  was  greyish  in  color,  and  very  slight  compensatory  capsular 
circulation  was  present.  On  section  it  showed  a  weU  marked 
dilatation  of  the  pelvis  and  blunting  of  the  calyces,  a  typical 
picture  of  hydronephrosis.  ^Microscopically  there  was  marked 
fibrosis  and  pressure  atrophy  of  the  tubules,  although  in  some 
places  the  latter  were  dilated  and  contained  hyaline  casts. 
Areas  of  round  cell  infiltration  were  also  present.  The  glomeruli 
for  the  most  part  seemed  normal.  In  other  words,  the  whole 
picture  was  one  of  pressure  atrophy.  This  same  microscopic 
picture  was  present  im  all  of  the  kidneys  where  complete  ligation 
of  the  ureter  was  done.  The  size  of  the  hydronephrotic  kidney 
was  apparently  influenced  very  markedly  by  the  amount  of 
compensatory  capsular  circulation  present.  This  fact  has  been 
shown  experimentally  by  Barney  (2).  In  two  of  the  animals, 
dogs  23  and  24,  previous  to  the  ligation  of  the  ureter,  the  fatty 
capsule  of  the  kidney  was  stripped  off  entirely  except  at  the 
point  of  entrance  of  the  renal  vessels  and  ureter  into  the  hilum, 
thus  destroying  all  collateral  circulation  temporarily.  At  au- 
topsy there  were  numerous  adhesions  surrounding  the  kidney 
operated  upon,  and  the  hydronephrosis  although  present  was 
not  so  large  in  these  animals  as  in  those  where  the  ureter  was 
ligated  and  the  kidney  undisturbed,  dogs  17  (fig.  2)  and  18, 
another  evidence  of  the  part  played  by  the  compensatory  cir- 
culation in  the  size  of  the  hydronephrosis.  This  compensatory 
capsular  circulation  of  the  kidnej'  is  best  described  by  Testut 
(3)  and  is  derived  from  the  following  sources;  the  ureteric,  ad- 
renal and  spermatic  veins,  the  subcutaneous  plexus  of  the  lum- 
bar region  and  the  plexus  surrounding  the  last  intercostal, 
ilio-inguinal  and  hypogastric  nerv^es.  These  veins  anastomose 
with  the  stellate  veins  of  the  renal  capsule.  No  renal  func- 
tional  changes   were  noted    in   these  animals,   the  phenolsul- 
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phonphthalein  output   (two  hours)  and  blood  urea  content  re- 
maining normal  throughout  the  experiment. 

In  the  remaining  experiments  different  substances,  water,  normal 
salt,  collargol  (15  per  cent),  and  thorium  (15  per  cent)  were  injected 
into  the  renal  pelvis  according  to  the,  above-mentioned  method, 
and  ligatures  applied  above  and  below  the  point  of  injection. 
All  of  these  animals  showed  hydronephrosis  on  the  injected 
side,  the  largest  hydronephrosis  being  found  where  salt  solution 
had  been  injected.  Wherever  infection  was  found  to  be  present 
at  autopsy,  whether  it  was  already  present  or  introduced  at 
the  time  of  injection,  cortical  abscesses  and  pyelonephritis  of 
varying  degrees  were  found.  In  a  great  number  of  these  animals 
distemper  was  present  and  while  most  of  them  recovered,  others 
succumbed  during  the  course  of  the  experiment. 

WATER 

Sterile  water  was  injected  into  the  left  renal  pelvis  of  dogs 
2  and  19,  from  1  to  1.3  cc.  having  been  injected.  Dog  2 
had  distemper  and  an  eruption  over  the  entire  body.  This 
dog  was  sacrificed  in  sixty-seven  days.  At  autopsy  a  left  sided 
hydronephrosis  was  found  but  both  kidneys  showed  a  distinct 
pyelitis.  The  microscopic  picture  of  this  kidney  was  one  of 
pressure  atrophy.  Dog  19  sacrificed  in  forty  days  showed  the 
same  picture  of  hydronephrosis  and  pressure  atrophy  of  the 
cortex  on  the  injected  side,  but  no  infection  was  present.  In 
both  instances  the  hydronephrotic  kidney  showed  a  well- 
marked  compensatory  capsular  circulation. 

NORMAL   SALT   SOLUTION 

This  was  injected  into  the  renal  pelvis  in  animals  3,  11,  13 
and  20.  The  amount  introduced  varying  from  0.85  cc.  to  1.3 
cc.  Of  these  four  dogs  no.  3  died  in  twenty-seven  days.  At 
autopsy  general  peritonitis  was  due  to  rupture  of  an  infected 
hydronephrotic  kidney.  This  kidney  was  quite  large  and  on 
palpation  yellow  pus  escaped  from  a  small  opening  at  the  upper 
pole.     A  well  marked  compensatory  circulation  was  present. 
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The  cortex  was  necrotic  throughout.  The  remammg  animals 
were  sacrificed  in  twenty-eight,  thirty-five  and  forty  days  re- 
spectively. At  autopsy  a  large  hydronephrosis  was  found  on 
the  injected  side  with  no  evidence  of  infection.  These  were 
the  largest  hydronephroses  produced  in  any  of  the  experiments, 
the  cortex  being  very  markedly  thinned  and  microscopically  a 
typical  picture  of  atrophy  was  found,  the  same  as  presented  in 
dog  1.  In  these  large  hydronephroses  the  compensatory  cir- 
culation was  most  marked  and  seemed  to  bear  out  directly  the 
theory  that  the  size  of  the  hydronephrosis  was  directly  propor- 
tioned to  the  amount  of  compensatory  circulation  present. 

COLLAEGOL 

A  15  per  cent  solution,  of  collargol,  the  same  as  is  used  in 
pyelography  was  introduced  in  to  the  left  renal  pelvis  of  dogs 
4,  8,  10  and  21.  The  amounts  injected  varied  from  0.8  cc.  to 
1.6  cc.  Dog  4  died  in  twenty-three  days.  There  was  apparently 
no  decrease  in  kidney  function  for  the  output  of  phenolsul- 
phonphthalein  for  two  hours  was  70  per  cent  five  days  before 
death.  At  autopsy  there  was  marked  pallor  of  all  the  tissues 
and  the  blood  was  thin  and  watery.  Grossly  the  liver  showed 
focal  necroses  on  section.  The  left  kidney  showed  a  moderate 
degree  of  hydronephrosis  with  corresponding  atrophy  of  the  cor- 
tex. Pyelitis  and  pyelonephritis  were  present.  Dog  8  died  in 
twenty-six  days.  There  was  apparently  no  decrease  in  kidney 
function,  the  two  hour  phenolsulphonphthalein  output  being 
62  per  cent  three  days  before  death.  At  autopsy  the  same 
marked  paUor  of  all  the  tissues  as  in  the  previous  dog  was  noted. 
Spleen  was  enlarged,  pale  and  edematous.  Liver  showed  focal 
necroses.  Hemmorrhagic  enteritis  was  present.  The  left  kid- 
ney showed  a  moderate  grade  hydronephrosis,  and  a  fair  amount 
of  collateral  capsular  circulation.  On  microscopic  examination 
both  kidneys  showed  well  marked  epithelial  and  glomerular 
necrosis  (fig.  3).  The  left  kidney  showed  also  some  fibrosis  and 
edema.  Broncho-pneumonia  and  central  necrosis  of  the  liver 
were  present. 
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Dog  21  died  in  eleven  days.  At  autopsy  the  chief  findings 
were  pneumonia  and  central  necrosis  of  the  liver.  The  left 
kidney  showed  a  well  marked  hydronephrosis  with  compen- 
satory circulation  and  microscopically,  pyelonephritis  and  pres- 
sure atrophy  (fig.  4).  Dog  10  was  sacrificed  in  twenty-six  days. 
This  is  the  only  animal  injected  with  collargol  that  did  not  die 
during  the  course  of  the  experiment,  and  this  one  had  the  smallest 
dose,  only  0.8  cc.  having  been  injected.  The  autopsy  was  entirely 
negative  except  for  the  fact  that  the  left  kidney  (the  injected 
one)  showed  a  well  marked  pyonephrosis. 

THORIUM 

A  15  per  cent  solution  of  thorium  such  as  is  used  in  pyelography 
was  injected  into  the  left  renal  pelvis  of  dogs  5,  6,  7,  9,  14,  15, 
16  and  22.  The  amounts  injected  varied  from  0.6  cc.  to  2.4  cc. 
Of  the  eight  animals  injected  two  died,  no.  5  in  four  days  and 
no.  6  in.  twenty  days.  No.  5  had  distemper  and  diarrhoea  and 
no.  6  had  distemper  before  the  injections  were  made  and  both 
showed  evidences  of  it  at  autopsy.  The  six  remaining  animals 
were  sacrificed  at  intervals  varying  from  twenty-one  to  fifty- 
nine  days.  All  showed  hydronephrosis  of  the  injected  kidney 
(fig.  5).  A  well  marked  compensatory  capsular  circulation  of 
the  hydronephrotic  kidneys  was  found.  All  of  these  hydro- 
nephotic  kidneys  showed  microscopically  the  same  cortical 
changes  as  were  seen  after  simple  ligation  of  the  ureter,  or  after 
the  injection  of  water  or  salt  solution,  namely,  pressure  atrophy 
of  the  cortex,  and  its  attending  tubular  and  interstitial  changes 
(fig.  6).  In  dogs  9  and  14  there  was  evidence  of  infection  as 
shown  by  the  varying  degrees  of  pyelonephritis  present.  In 
these  animals  the  examination  of  the  other  organs,  both  gross 
and  microscopical,  was  entirely  negative,  showing  conclusively 
that  even  if  thorium  solution  be  retained  in  the  renal  pelvis, 
either  permanently  as  in  the  case  of  complete  occlusion  of  the 
ureter,  or  for  varying  periods  of  time  as  in  partial  obstruction 
of  the  ureter,  it  does  no  systemic  damage.  These  experiments 
also  prove  that  retention  of  thorium  solution  in  the  renal  pelvis 
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causes  no  cortical  changes  whatsoever  that  cannot  be  explamed 
entu-ely  by  mechanical  pressure  or  the  presence  of  infection.  In 
other  words  the  picture  presented  by  the  renal  cortex  after  the 
injection  and  retention  of  thorium  solution  is  absolutely  identical 
with  that  seen  after  simple  ligation  of  the  ureter  or  ligation  of 
the  ureter  after  the  injection  of  either  sterile  water  or  salt  solu- 
tion. If  infection  be  present  the  introduction  of  any  solution 
and  its  complete  retention  will  invariably  cause  varying  grades  of 
pyelonephritis. 

CONCLUSIONS 

1.  Thorium  solution  retained  in  the  renal  pelvis  has  no  damag- 
ing effect  whatsoever  on  the  renal  parench^nna. 

2.  Cortical  abscesses  and  pyelitis  are  due  to  the  presence  of 
infection  and  not  to  the  retained  solution. 

3.  The  cortical  changes  after  the  introduction  of  thorium 
solution  are  purely  pressure  phenomena  and  are  the  same  as 
after  either  simple  ligation  of  the  ureter  or  the  introduction  of 
sterile  water  or  normal  salt  solution  into  the  renal  pelvis. 

4.  Collargol  retained  in  the  renal  pelvis  causes  not  only  great 
damage  to  the  kidney  itself  but  systemic  poisoning  most  often 
resulting  in  death. 

5.  Ligation  of  the  ureter  either  alone  or  after  the  injection  of 
some  solution  causes  hydronephrosis. 

6.  The  size  of  the  hydronephrosis  depends  entirely  upon  the 
development  of  the  compensatory  collateral  capsular  circulation 
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PLATE  1 

Fig.  1.  Showing  the  difference  in  size  between  the  hydronephrotic  kidney 
and  the  opposite  one  (Dog  1) .  The  duration  of  the  experiment  was  sixty-seven 
days. 

Fig.  2.  Showing  the  size  of  the  hydronephrosis  and  the  compensatory  capsu- 
lar circulation  (Dog  17) .     Duration  of  the  experiment  was  sixty -five  days. 
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PLATE  1 


Fig.  1 


Fig.  2 
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PLATE  2 


Fig.  3.   Photomicrograph   of  the  renal  cortex  showing  extensive  tubular  and 
glomerular  necrosis  due  to  the  retention  of  collargol  in  the  renal  pelvis  (Dog  8). 


154 


EFFECTS  OF  THORIUM  ON  THE  RENAL  PARENCHYMA 

J.    EDWARD    BURNS    AND    P.    B.  HOPKINS 


PLATE   2 


Fig.  3 
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PLATE  3 


Fig.  4.   Showing   gross  cortical  changes  and  hydronephrosis  due  to  the  reten- 
tion of  coliargol  in  the  renal  pelvis  (Dog  15) . 

Fig.  5.  Hydronephrosis    with    no    gross    cortical    changes    except   pressure 
atrophy  due  to  the  retention  of  thorium  solution  in  the  fenal  pelvis  (Dog  15). 
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Fig.  4 


Fig.  5 
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PLATE  4 

Fig.  6.  Photomicrograph  of  the  renal  cortex  showing  no  tubular  or  glomerular 
changes  except  pressure  atrophy  where  there  is  retention  of  thorium  solution 
(Dog  15) . 
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Fig.  6 
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A  STUDY  OF  PRIMARY  HYDRONEPHROSIS 

JOHN  T.  GERAGHTY  and  WILLIAM  A.  FRONTZ 

From  The  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital 

Legends 

Urologists  have  long  recognised  a  group  of  hydronephroses  in 
which  no  etiological  factor  was  found  which  would  satisfactorily 
account  for  the  condition.  To  this  group  the  term  "congenital/' 
or  perhaps  more  correctly,  ''primary"  is  usually  applied.  It 
comprises  those  cases  in  which  the  condition  is  not  secondary 
to  any  obstruction  demonstrated  in  the  ureter  or  lower  urinary 
tract.  It  seems  fair  to  assume  that  every  hydronephrosis  is  the 
direct  result  of  some  mechanical  obstruction  to  the  outflow  of 
urine  from  the  renal  pelvis  and  the  object  of  the  present  study 
has  been  to  determine  the  factors  responsible  for  the  develop- 
ment of  the  condition  in  the  group  to  which  the  term  ''primary" 
is  usually  applied. 

Considerable  attention  has  been  directed  in  recent  years  to  the 
role  played  by  anomalous  blood  vessels  in  the  production  of 
hydronephrosis.  It  has  long  been  recognised  that  these  vas- 
cular irregularities  are  encountered  frequently,  both  in  the  dis- 
secting room  and  at  autopsy.  The  surgeon  also  frequently 
observes  marked  variations  in  the  number  and  course  of  these 
vessels  associated  with  hydronephrosis  or  other  pathological  proc- 
esses in  the  kidney.  Quain  reports  that  irregularities  in  the 
renal  artery  are  found  in  about  25  per  cent  of  the  cases  examined, 
the  most  frequent  being  an  accessory  vessel  arising  above  or  be- 
low the  normal  trunk.  Three  separate  renal  arteries  on  one 
side  were  found  in  about  3  per  cent  of  cases  and  4,  5  and  even  6 
have  been  observed.  A  condition  of  the  arterial  trunk  dividing 
into  multiple  branches  shortly  after  it  springs  from  the  aorta 
is  sometimes  met  with  and  instances  of  accessory  vessels  given 
off  from  the  aorta,  inferior  mesenteric,  spermatic,  conamon  ihae 
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and  middle  sacral  arteries  have  been  reported.  The  branches  of 
the  renal  artery  or  the  accessory  vessels,  instead  of  entering  the 
kidney  at  the  hilus  may  penetrate  it  at  the  upper  or  lu.ver  pcsle. 
In  this  connection  it  is  with  the  latter  disposition  and  particularily 
with  the  relation  of  the  vessel  to  the  upper  m  ter  that  we  arr^ 
chiefly  concerned.     Thus  Mayo  in  reporting  27  c  \  uro- 

nephrosis found  anomalous  blood  vessels  in  20  c.  ,  the  ob- 
struction in  each  instance  being  at  a  point  where  the  vessc- 
crossed  the  uretero-pelvic  junction.  In  about  75  per  cent  of 
this  series  of  cases  the  vessel  followed  a  course  ante^^'  <r  to  the 
ureter  and  entered  the  lower  pole  of  the  kidney. 

Eckhorn  after  a  study  of  his  own  cases  and  a  careful  review  of 
the  literature  concludes  that  the  vessels  most  frequently  pro- 
ductive of  obstruction  may  be  divided  into  two  grc  ips:  first, 
those  which  take  a  course  anterior  to  the  ureter,  finally  entering 
the  posterior  aspect  of  the  kidney  in  the  region  of  the  lower  pole; 
second,  those  passing  behind  the  ureter  and  penetrating  the  an- 
terior surface  of  the  kidney.  He  states  that  vessels  taking  a 
course  anterior  or  posterior  to  the  ureter  and  entering  the  cor- 
responding surface  of  the  kidney,  are  less  frequently  productive 
of  obstruction. 

Whatever  may  be  the  course  of  the  vessel  in  relation  to  the 
ureter,  it  seems  difficult  for  us  to  subscribe  to  the  view  that  it  is 
a  frequent  primary  cause  of  the  obstruction  which  results  in 
hydronephrosis  and  we  believe  that  other  factors  are  usually 
necessary  for  its  production.  Movability  of  the  kidney  asso- 
ciated with  a  vascular  anomaly  may  in  some  cases  result  in 
obstruction  to  the  upper  ureter  or  uretero-pelvic  junction,  par- 
ticularily when  the  vessel  takes  a  course  posterior  to  the  ureter, 
but  in  the  majority  of  cases,  the  relation  of  the  vessel  to  th'- 
ureter  necessary  for  the  production  of  actual  obstruction  is,  w  ^ 
believe,  the  result  of  the  altered  relations  brought  about  by  the 
increasing  size  of  the  pelvis  and  the  descent  of  the  hydronephrotic 
kidney,  caused  by  a  type  of  obstruction  which  will  be  considered 
later.  In  some  of  these  cases  the  vessel  at  a  certain  stage  of  the 
hydronephrosis  may  contribute  a  certain  share  of  the  obstruc- 
tion and  in  the  following  case  it  seems  probable  that  it  assumed 
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this  secondary  role.  This  patient,  aged  twenty-four,  was  ad- 
mitted October  6,  1915,  complaining  of  infected  urine  but  with 
no  history  of  any  renal  pain.  He  had  been  operated  upon  for 
hernia  four  years  before  and  had  been  catheterized  on  several 
occasions  following  operation.  Frequent  examination  of  the 
urine  had  shown  the  presence  of  staphylococcus  aureus  and  upon 
ureteral  catheterization  the  urine  from  both  kidneys  was  found 


Fig.   1.  Uretero-pyelogram   .Showing  Kink  of  Upper   Ureter  Caused  by 
Aberrant  Blood  Vessel.    A  Large  Hydronephrosis  is  also  Present 

to  be  infected  with  the  same  organism.  The  total  phthalein 
for  the  first  hour  was  well  over  40  per  cent.  Pyelography  re- 
vealed a  moderate  sized  double  hydronephrosis,  the  upper  right 
ureter  showing  a  definite  kinking  just  below  the  uretero-pelvic 
junction  (see  fig.  1).  The  left  uretero-pelvic  region  was  free 
from  any  irregularity.  The  patient  was  unsuccessfully  treated 
for  a  long  period  by  pelvic  lavage  and  finally  on  October  27 
1916,  the  right  kidney  was  explored.     The  kidney  was  very 
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loose  and  after  delivering  it  a  large  aberrant  vein,  emerging 
from  its  anterior  surface  near  its  lower  pole,  passed  anterior 
to  the  uretero-pelvic  junction  on  its  way  to  the  vena  cava.  A 
moderate  hydronephrosis  was  present,  the  dilatation  beginning 
sharply  at  the  junction  of  ureter  and  pelvis.  The  kidney  sagged 
considerably  and  the  ureter  just  beyond  its  junction  with  the 
pelvis  was  suspended  upon  the  vessel,  forming  a  very  consid- 
erable kink,  as  shown  in  figure  2.     The  vessel  was  divided  and 


Fig.  2.  Sketch  Showing  the  Relation  of  the  Aberrant  Blood  Vessel  to 

THE  Upper  Ureter 

The  ureter  just  below  the  uretero-pelvic  junction  is  suspended  upon  the  vessel 
forming  a  marked  kink. 

nothing  further  attempted,  although  the  operator  was  not  satis- 
fied that  the  aberrant  vessel  found  was  the  sole  cause  of  the  con- 
dition present.  A  pyelogram  taken  one  month  after  operation 
showed  some  rotation  of  the  kidney  and  little  change  in  the  size 
of  the  hydronephrosis  but  apparently  the  ureteral  kink  had  been 
corrected  by  the  division  of  the  vesseL  The  factors  concerned 
in  the  development  of  the  hydronephrosis  in  the  opposite  kidney 
were  not  determined,  although  the  long  standing  infection  may 
have  played  an  important  part  in  the  process. 
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We  would  not  be  understood  as  saying  that  vascular  anoma- 
lies are  never  the  primary  cause  of  hydronephrosis  but  we  are  of 
the  opinion  that  to  assign  to  the  anomalous  vessel  the  chief 
credit  for  the  production  of  the  obstruction  is,  in  the  majority  of 
cases,  merely  the  confusion  of  cause  and  effect.  In  support  of 
the  view  that  the  anomalous  vessel  plays  a  prominent  role  in  the 
production  of  the  obstruction,  its  advocates  cite  cases  which 
have  been  relieved  by  resection  of  the  vessel.  Those  who  have 
had  occasion  to  deUver  a  kidney  which  has  previously  been  op- 
erated upon  know  how  densely  adherent  it  frequently  is  to  the 
surrounding  structures.  It  seems  probable  therefore  that  this 
postoperative  fixation  of  the  kidney  plays  a  most  important  role 
in  the  relief  of  symptoms. 

A  further  argument  against  the  view  that  the  aberrant  blood 
vessel  plays  so  important  a  role  in  the  production  of  hydrone- 
phrosis is  the  unquestioned  frequency  of  anomalous  vessels  which 
pursue  a  course  in  intimate  relationship  with  the  ureter  without 
producing  obstruction.  In  exposing  kidneys  which  are  the  seat 
of  other  diseases,  we  have  frequently  seen  vessels  occupying  posi- 
tions identical  with  those  described  as  productive  of  obstruction, 
without  having  occasioned  suggestive  symptoms  or  altered  the 
size  of  the  pelvis. 

If  the  blood  vessel  is  ever  the  cause  of  the  hydronephrosis,  the 
dilatation  must  begin  exactly  at  the  point  where  the  ureter  is 
crossed  by  the  vessel.  In  looking  over  many  of  the  iUustrations 
of  various  articles  emphasizing  the  importance  of  the  vascular 
anomaly  in  this  connection,  it  is  interesting  to  note  that  the  hy- 
dronephrosis ends  considerably  above  the  point  where  the  ureter 
is  crossed  by  the  vessel,  the  diameter  of  the  ureter  between  this 
point  and  the  junction  of  the  ureter  with  the  dilated  pelvis  being 
approximately  normal  or  in  some  instances  very  sHghtly  dilated. 
oManifestly  if  these  drawings  be  correct  representations  of  the 
actual  anatomical  relations  found,  as  they  purport  to  be,  the 
blood  vessel  is  not  the  cause  of  the  hydronephrosis  nor  has  it 
played  any  role  in  its  production. 
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RENAL   MOBILITY 

The  frequency  of  renal  mobility  associated  with  hydronephro- 
sis would  naturally  suggest  a  very  definite  causal  relationship. 
Upon  this  point  the  views  have  been  widely  divergent,  some  as- 
signing to  it  a  very  important  role,  others  taking  a  stand  at  the 
opposite  extreme. 

It  is  generally  supposed  that  abnormal  mobility  of  the  kidney 
occurs  with  far  greater  frequency  in  women  than  in  men  and,  as 
our  cases  of  hydronephrosis  have  been  drawn  almost  wholly 
from  a  male  clinic,  it  is  difficult  to  make  deductions  from  our 
more  or  less  one  sided  experience.  Certain  it  is,  however,  that 
in  our  series,  there  has  not  been  a  single  instance  where  the  renal 
mobility  could  be  considered  the  sole  cause  of  the  hydronephro- 
sis. In  those  cases  of  renal  mobility  giving  a  history  of  repeated 
attacks  of  colic  which  we  have  had  an  opportunity  to  observe, 
there  has  never  been  a  definite  hydronephrosis  except  in  those 
instances  in  which  other  factors,  coexisting  and  definitely  ob- 
structive, would  offer  a  valid  explanation. 

It  is  well  in  this  connection  to  consider  briefly  the  factors 
which  precede  and  ultimately  lead  to  the  development  of  hydro- 
nephrosis. Experimental  investigation  as  well  as  clinical  ob- 
servation unquestionably  prove  that  hydronephrosis  is  the  re- 
sult of  an  obstruction,  either  slight  or  severe,  which  persists  for 
a  considerable  period  of  time  and  it  is  not  conceivable  that  the 
pathological  changes  of  hydronephrosis  can  be  brought  about 
by  intermittant  distension  of  the  renal  pelvis.  We  do  not 
believe  that  renal  mobility  ever  brings  about  an  obstruction 
which  is  long  continued  and  consequently  its  uncomplicated 
presence  makes  its  importance  negligible  as  an  etiological  factor 
in  the  production  of  hydronephrosis.  We  have  observed  many 
cases  presenting  histories  of  intermittant  attacks  of  severe  renal 
colic  over  long  periods  in  which  the  modern  diagnostic  methods 
failed  to  reveal  any  abnormality  of  the  kidney  whatsoever.  At 
operation  the  negative  diagnostic  findings  were  confirmed,  except 
for  increased  mobility  associated  with  fixation  of  the  upper  ureter. 
In  none  of  these  cases  was  there  any  hydronephrosis,  notwith- 
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standing  the  fact  that  the  interval  obstructions  were  of  long 
standing.  It  is  interesting  to  note  that  simple  fixation  of  the 
kidney  and  freeing  of  the  upper  ureter  was  followed  in  every 
instance  by  complete  disappearance  of  the  pain. 

If  renal  mobility  can  produce  hydronephrosis,  the  kinking  of 
the  ureter  must  be  assigned  as  the  cause.  Kinking  of  the  ureter 
however  does  not  diminish  the  size  of  the  lumen  because  the 
ureter  is  not  a  rigid  tube  but  soft  and  elastic.  It  has  been  shown 
experimentally,  furthermore,  that  a  very  acute  permanent  kink 
can  be  produced  by  suturing  the  walls  of  the  ureter,  without  the 
production  of  any  change 'in  the  renal  pelvis.  In  order  for  a 
hydronephrosis  to  develop  from  an  ureteral  condition,  there  must 
be  a  reduction  in  the  calibre  of  the  ureter  and  this  is  not  pro- 
duced by  the  kinking. 

Abnormally  moveable  kidney  is  said  to  occur  in  over  20  per 
cent  of  women,  the  combined  statistics  of  seven  authorities  find- 
ing the  condition  1049  times  in  4576  cases  examined.  In  men 
however  it  is  supposed  to  occur  in  only  about  2  per  cent  or  less 
than  one-tenth  as  frequently  as  in  women.  Furthermore,  both 
kidneys  are  not  equally  involved,  Kelly  and  Burnam  finding  it 
on  the  right  side  177  times  in  245  cases.  Both  kidneys  were 
moveable  43  times  and  the  left  alone  25  times.  If  moveable  kid- 
ney is  the  most  frequent  cause  of  hydronephrosis,  as  some  authori- 
ties contend,  we  should  expect  to  find,  (1)  an  overhelming  ma- 
jority of  these  cases  in  the  female;  (2)  right  hydronephrosis 
very  much  more  common  than  to  the  left;  (3)  double  hydrone- 
phrosis to  be  more  frequent  than  the  left  alone.  Statistics  do 
not  confirm  this  contention. 

Why  then  is  moveable  kidney  assigned  as  so  frequent  a  cause 
of  hydronephrosis?  We  believe  that  it  is  due  in  part  to  the  fact 
that  renal  mobility  is  frequently  secondary  to  hydronephrosis: 
and  secondly  to  a  failure  to  recognise  other  more  potent,  although 
less  evident  causes  of  obstruction,  occurring  either  coincidently 
with  moveable  kidney  or  long  preceding  it  in  point  of  time. 
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ABNORMAL  INSERTIONS   OF   URETER 

At  this  point  it  is  well  to  consider  briefly  a  type  of  ureteral  ab- 
normality which  is  thought  by  some  to  represent  a  congenital 
defect  which  plays  a  definite  etiological  r6le  in  the  production  of 
hydronephrosis.  We  refer  to  the  unusual  insertions  of  the  ureter 
into  the  pelvis,  the  high  and  the  oblique  being  the  two  types  most 
frequently  encountered.  Normally  the  ureter  enters  the  pelvis 
at  its  lowest  point,  thus  permitting  of  a  complete  and  easy  empty- 
ing of  the  organ.  In  those  instances  in  which  the  ureter  enters 
the  pelvis  at  a  point  considerably  above  the  lowermost  portion, 
it  is  at  once  apparent  that  if  the  degree  of  displacement  be  suffi- 
cient, the  pelvis  will  be  incompletely  emptied. 

More  careful  study  of  the  specimens  reported  as  having  these 
anomalies  would  probably  disclose  the  fact  that  these  supposed 
causes  of  hydronephrosis  were  in  reality  the  result  of  the  increas- 
ing size  of  the  pelvis.  When  the  hydronephrosis  increases  to 
considerable  dimensions,  there  is  marked  sagging  of  the  lower 
portion  of  the  pelvis,  this  portion  increasing  in  size  more  rapidly 
than  the  upper.  In  consequence  of  this  unequal  increase  in 
size,  the  uretero-pelvic  junction  comes  to  occupy  a  relatively 
high  position  which  at  a  glance  would  seem  to  offer  a  very  defiinte 
causal  relationship.  The  altered  relations  here  would  seem  to 
be  analogous,  if  not  identical,  with  a  condition  found  in  the 
bladder  in  cases  of  obstruction  at  the  vesical  neck.  As  the  ob- 
struction increases,  the  bladder  in  many  cases  becomes  more  and 
more  distended,  weakening  finally  at  its  most  dependent  por- 
tion and  resulting  in  the  formation  of  the  so-called  has  fond. 
The  development  of  this  condition  results  in  the  vesical  orifice 
occupying  a  relatively  very  high  level  and  the  altered  relations 
would  seem  to  offer  a  rather  apt  analogy  to  the  condition  found 
in  so  many  hydronephrotic  pelves.  With  the  increase  in  the 
size  of  the  hydronephrotic  pelvis,  there  is  not  only  a  descensus 
of  the  kidney  but  a  swinging  inward  of  its  lower  portion.  These 
two  forces  result  not  only  in  the  high  position  of  the  uretero- 
pelvic  junction  but  explain  the  valve  formation  so  well  shown 
in  the  .accompanying  drawings  by  Max  Broedel  (Plate  1). 
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In  case  1  (see  plate  2)  a  high  insertion  of  the  ureter  is 
present.  Upon  superficial  examination  the  ureter  apparently 
entered  the  pelvis  obhquely.  A  careful  study  of  the  ureter  how- 
ever revealed  the  presence  of  an  extensive  fibrosis  of  its  upper 
portion,  the  latter  factor  being  the  cause  of  the  hydronephrosis. 
The  high  implantation  and  oblique  insertion  were  the  effect  and 
not  the  cause,  although  as  the  hydronephrosis  increased,  it  is 
probable  that  they  played  an  important,  although  secondary 
r&le  in  its  production. 

It  would  seem  advisable  at  this  point,  before  further  consid- 
ering the  congenital  types  of  obstruction  in  the  upper  ureter,  to 
review  briefly  the  embryology  of  this  structure.  It  will  be  re- 
called that,  prior  to  the  development  of  the  kidney  in  verte- 
brates, urinary  secretion  is  carried  on  by  structures  which  sub- 
sequently lose  this  function  and  in  the  postfetal  stages  have  no 
connection  whatever  with  the  urinary  tract.  The  earliest  of 
these  structures,  the  pronephros,  soon  atrophies  but  its  duct  per- 
sists and  forms  the  excretory  canal  of  the  second  kidney  or,  as 
it  is  frequently  termed,  the  Wolffian  body.  At  about  the  fourth 
week  of  intrauterine  life,  there  appears  upon  the  dorsal  wall  of 
the  Wolffian  duct  near  its  caudal  end,  a  delicate  bulbous  epithelial 
outgrowth  which  is  destined  to  form  the  ureter,  pelvis  and  col- 
lecting tubules  of  the  permanent  kidney.  Coincident  with  the 
development  of  the  kidney,  the  Wolffian  body  and  duct  lose 
their  connection  with  the  urinary  tract,  the  former  developing 
into  the  globus  major  of  the  epididymis,  the  latter  into  the  globus 
minor,  vas  deferens,  the  seminal  vesicles  and  ejaculatory  ducts. 

During  the  course  of  ureteral  development  and  persisting  for  a 
variable  period  after  birth,  marked  irregularities  in  the  calibre 
of  the  ureter  are  encountered.  Instead  of  being  the  relatively 
smooth  and  regular  canal  usually  found  in  the  adult,  a  markedly 
distorted  structure  is  found.  It  presents  various  curves  and 
kinks  in  its  course  and  instead  of  its  uniformly  regular  wall, 
areas  of  constriction  and  dilatation  are  found.  Valvules  con- 
sisting either  of  plications  of  the  mucosa  alone  or  of  the  entire 
ureteral  wall  are  the  rule  during  intrauterine  life  and  in  the  new- 
born persist  for  a  variable  period  in  a  number  of  cases.     Wolf- 
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fler  in  a  study  of  100  new-borns  found  20  more  or  less  well  marked 
transverse  folds  in  the  mucosa.  As  explained  by  Englisch  how- 
ever, this  finding  is  simply  a  temporary  persistence  of  the  fetal 
condition  and  is  usually  corrected  a  short  time  after  birth.  The 
factors  influencing  its  correction  would  seem  to  be  the  eccentric 
pressure  of  the  urine,  plus  the  changes  incident  to  normal  devel- 
opment. In  a  certain  number  of  cases  however,  due  either  to 
the  interruption  of  the  normal  course  of  development  or  to  other 
factors  still  unexplained,  these  fetal  irregularities  persist  and  may 
give  rise  to  obstruction  resulting  in  hydronephrosis. 

During  the  past  few  years  considerable  attention  has  been 
directed  to  these  congenital  malformations  of  the  ureter  with 
reference  to  the  role  they  play  in  the  production  of  hydronephro- 
sis and  a  large  literature  has  accumulated.  We  have  already 
considered  two  anomalies  of  congenital  origin  and  would  further 
call  attention  to  other  usually  accepted  types  of  congenital  de- 
fect. It  is  customary  to  include  in  this  list  congenital  absence 
and  multiplicity  of  the  ureter.  Congenital  absence  of  the  ureter 
associated  with  hydronephrosis,  if  it  ever  exist,  must  be  es- 
tremely  rare.  The  relatively  frequent  occurrence  of  hydrone- 
phrosis, associated  with  multiplicity  of  the  ureter  has  given  this 
anomaly  the  credit  for  actually  producing  a  certain  number  of 
these  cases.  We  would  call  attention  to  the  fact  that  congenital 
abnormalities,  whether  they  occur  in  the  ureter  or  elsewhere  are 
frequently  associated  with  other  defects  and  we  believe  that  when 
hydronephrosis  exists  in  a  kidney  with  multiple  ureters,  the  hy- 
dronephrosis cannot  be  explained  on  the  basis  of  ureteral  mul- 
tiplicity but  that  it  has  been  produced  by  other  concomitant 
•defects  which  actually  produce  an  obstruction  to  the  outflow  of 
urine.  Of  these,  abnormalities  in  ureteral  calibre  are  probably 
the  most  important  and  attention  will  be  directed  to  them  later. 

We  have  made  a  careful  study  both  clinical  and  pathological  of 
14  cases  of  primary  hydronephrosis  observed  within  the  last 
few  years  in  the  Brady  Clinic.  We  have  included  in  this  series 
only  cases  in  which  the  obstruction  was  definitely  at  the  uretero- 
pelvic  junction  and  have  omitted  cases  of  calculus,  tuberculosis 
.and  tumor.     In  10  cases  the  kidney  was  removed  with  sufficient 
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length  of  ureter  to  permit  of  pathological  study  of  the  condition 
present.  In  3  cases  an  exploratory  operation  was  done  and  plas- 
tic procedures  carried  out  for  the  correction  of  the  obstruction 
while  in  2  cases  the  diagnosis  of  primary  hydronephrosis  was 
made  by  means  of  pyelography  and  an  obstruction  at  the  uretero- 
pelvic  junction  demonstrated. 

Strictly  speaking  primary  hydronephrosis  should  include  only 
those  cases  in  which  the  factor  or  factors  causing  the  obstruc- 
tion are  not  evident.  It  is  generally  conceded  however  that  hy- 
dronephrosis is,  without  exception,  the  direct  result  of  a  mechani- 
cal obstruction  to  the  outflow  of  urine  from  the  kidney  and,  from 
our  experience,  we  believe  that  when  the  dilatation  ends  sharply 
at  the  junction  of  the  ureter  and  pelvis,  and  when  other  agents 
such  as  stone,  tumor  and  extrarenal  factors  are  eliminated,  a 
careful  search  will  reveal  in  the  majority  of  cases  one  of  the  types 
of  obstruction  we  are  about  to  describe. 

In  our  series  the  obstructions  at  the  uretero-pelvic  junction 
fall  into  two  classes,  the  congenital  and  the  acquired.  Of  the 
former  we  have  found  but  one  case.  The  remaining  cases  were 
all  acquired  and  of  inflammatory  origin. 

CONGENITAL   OBSTRUCTIONS 

Histologically  the  ureter  resembles  the  bladder  in  having 
three  coats,  an  outer  fibrous  sheath,  a  middle  muscular  layer 
and  an  inner  mucous  coat.  The  muscular  coat  consists  of  inner 
and  outer  longitudinal  layers  and  a  well  developed  middle  layer 
of  circular  muscle.  The  muscle  composing  this  circular  layer 
constitutes  the  so-called  ring  muscles  at  the  site  of  which  there 
is  considerable  constriction.  These  narrow  areas  are  normally 
present  at  the  uretero-pelvic  junction,  at  the  point  of  crossing 
the  iliac  vessels  and  at  the  vesical  end  of  the  ureter.  In  rare 
instances  this  muscle  layer  may  be  considerably  hypertrophied, 
the  enlargement  constituting  a  definite  obstruction  to  the  outflow 
of  urine  which' results  in  hydronephrosis.  We  have  found  but 
one  example  of  this  type  in  our  series,  a  male  aged  48,  the  ob- 
struction in  this  instance  being  at  the  junction  of  pelvis  and 
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ureter.  The  symptoms  in  this  case  consisted  of  more  or  less 
constant  dull  aching  pain  in  the  right  kidney  region,  extending 
over  a  period  of  years,  with  outbreaks  now  and  then  of  quite 
severe  pain,  confined  to  the  right  lumbar  region.  On  examination 
the  urine  was  negative  for  pathological  elements  and  pyelography 
revealed  a  large  right  hydronephrosis.  The  pathological  findings 
are  extremely  interesting.  As  shown  in  plate  3  the  kidney  was 
the  seat  of  a  large  hydronephrosis  while  the  ureter  appeared  per- 
fectly normal  to  its  point  of  entrance  into  the  pelvis.  Upon  open- 
ing the  pelvis  and  ureter,  examination  revealed  a  globular  en- 
largement which  very  considerably  encroached  upon  the  orifice. 
Microscopic  section  at  this  point  shows  a  tremendous  hyper- 
trophy of  the  muscle  ring  as  compared  with  the  amount  of 
muscle  at  this  point  in  the  normal.  There  was  no  evidence  of 
any  inflammation  and,  aside  from  the  great  increase  of  muscle, 
no  abnormality  was  found.  In  this  connection  it  is  interesting 
to  note  that  an  analogous  condition  is  occasionally  met  with  in 
the  internal  vesical  sphincter.  This  congenital  muscle  hyper- 
trophy may  constitute  a  very  serious  obstruction  to  the  empty- 
ing of  the  bladder.  Young  and  Cecil  have  recently  reported 
such  a  case. 

The  role  formerly  assigned  to  pyogenic  infections  in  the  pro- 
duction of  ureteral  stricture  has  been  almost  negligible  and  it 
has  been  customary  to  consider  tuberculosis,  trauma  and  incar- 
cerated calculus  as  conditions  responsible  for  its  development  in 
the  vast  majority  of  cases.  While  strictures  of  a  gross  character 
are  seldom  found  except  as  a  result  of  the  above  named  condi- 
tions, more  careful  study  in  recent  years  has  served  to  show  that 
long  standing  inflammatory  processes  may  result  in  the  develop- 
ment of  infiltrations  in  the  ureteral  wall  which  very  considerably 
narrow  its  lumen  and  diminish  its  elasticity.  To  Hunner  be- 
longs the  credit  of  emphasizing  the  importance  of  these  lesions 
and  by  his  accurate  methods,  he  has  been  able  to  demonstrate 
inflammatory  infiltrations  of  the  ureteral  wall  in  a  large  number 
of  cases.  His  studies  have  been  made  almost '  entirely  in  the 
female  and  he  has  found  an  astonishing  number  of  strictures  at 
the  level  of  the  broad  ligament,  although  he  has  detected  them 
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quite  frequently  at  other  portions  of  the  canal.  Hunner  believes 
that  the  lesion  resulting  in  ureteral  stricture  has  its  primary  focus 
in  chronic  inflammatory  processes  often  far  distant  from  the 
urinary  tract,  as  infections  of  the  tonsils,  teeth,  sinuses,  etc. 
In  several  of  his  cases,  complete  disappearance  of  symptoms  has 
followed  simple  dilatations  of  the  strictured  area,  although  in 
others  the  condition  persisted  until  the  eradication  of  the  dis- 
eased focus.  His  ingenious  method  of  detecting  these  narrow- 
ings  consists  in  the  passage  of  a  catheter  armed  with  wax  bulbs 
of  varjdng  size  through  the  area  of  infiltration,  upon  the  with- 
drawal of  which,  a  sensation  is  imparted  to  the  hand  similar  to 
that  occurring  as  the  bougie  a  boule  passes  through  an  area  of 
urethral  stricture. 

The  varying  grades  of  ureteral  dilatation  and  hydronephrosis, 
as  demonstrated  by  uretero-pyelography  in  certain  cases  of  long 
standing  pyelitis  in  which  no  mechanical  obstruction  could  be 
found,  have  usually  been  ascribed  to  tissue  changes  resulting 
from  chronic  infection.  As  Hunner  has  well  brought  out, 
chronic  inflammation  results  rather  in  a  contraction  of  the  tissues 
involved  than  in  dilatation  and  it  is  highly  probable  that  many 
of  the  cases  of  ''inflammatory  dilatation"  are  secondary  to 
strictures  of  the  ureter.  The  presence  of  an  infectious  process 
associated  with  a  bacteruria  would,  a  priori,  strongly  favor  the 
extension  of  the  inflammation  to  the  adjacent  ureter  and  it  is 
highly  probable  that  narrowing,  so  slight  as  to  defy  detection 
by  the  usual  diagnostic  methods,  may  explain  the  resistant  char- 
acter of  some  of  these  cases  to  such  therapy  as  pelvic  lavage. 
Striking  indeed  are  the  cases  of  pyelitis,  unfortunately  rare,  that 
clear  up  promptly  following  the  simple  passage  of  a  ureteral 
catheter — a  result  recalling  the  response  of  certain  cases  of  cys- 
titis following  the  dilatation  of  urethral  stricture. 

The  mechanical  difficulties  of  emplojdng  the  method  suggested 
by  Hunner  with  the  male  cystoscope  are  considerable  and  it  has 
not  been  our  experience  to  detect  with,  certainty  man}^  of  these 
ureteral  lesions.  We  feel  sure  nevertheless  that  the  lesion  is  an 
important  one  to  be  reckoned  with  in  the  types  of  cases  men- 
tioned above,  although  the  marked  frequency  of  m-eteral  involve- 
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merit  in  the  region  of  the  broad  Hgament  as  descibed  by  Hunner, 
suggests  its  more  frequent  occurrence  in  the  female. 

In  8  cases  of  hydronephrosis  in  which  it  was  considered  advis- 
able to  do  a  nephrectomy  rather  than  adopt  any  plastic  pro- 
cedure, a  pathological  study  of  the  uretero-pelvic  junction  has 
disclosed  that  in  all  the  cases  examined,  excepting  one,  the  hy- 
dronephrosis was  evidently  the  result  of  inflammatory  narrowing. 
In  practically  all  of  these  cases  there  was  slight  narrowing  at  the 
uretero-pelvic  junction  noted  either  at  operation  or  upon  ex- 
amination of  the  gross  specimen  after  its  removal.  The  true  na- 
ture of  the  obstruction  was  only  revealed  however  by  careful 
microscopic  study  of  this  region,  which  brings  out  the  fact  that 
many  of  these  strictures  are  very  slight,  there  being  no  bridle  or 
obstruction  projecting  into  the  lumen,  a  narrowing  simply  being 
present.,  In  this  connection  we  desire  to  emphasize  the  danger  of 
mistaking  an  old  inflammatory  lesion  for  a  congenital  one. 
Cases  3  and  5  illustrate  this  point  extremely  well  and,  after  sup- 
erficial examination  of  the  sections,  we  classified  them  with 
those  of  congenital  origin.  In  long  standing  inflammatory  proc- 
esses, the  mucous  membrane  may  be  intact  and  the  only  gross 
change  is  a  marked  narrowing  of  the  upper  ureter.  In  some 
instances  the  area  of  constriction  is  very  short  involving  the 
ureter  for  a  distance  of  only  a  few  millimeters;  in  others  the 
upper  2  or  3  cm.  of  the  ureter  may  be  the  site  of  a  spindle  shaped 
contraction,  the  ureter  at  this  point  measuring  from  one-third 
to  one-half  the  diameter  of  the  portion  immediately  below.  In 
the  latter  type,  the  constriction  is  perfectly  evident  at  operation 
although  the  cases  having  a  short  constriction  may  be  difficult  of 
detection  upon  external  examination.  If  upon  microscopic  ex- 
amination, the  mucous  membrane  appear  intact,  while  beneath 
it  a  marked  increase  in  fibrous  tissue  be  present,  in  the  absence 
of  any  inflammatory  elements,  one  might  readily  diagnose  the 
condition  as  a  congenital  one.  We  would  point  out  however 
that  in  all  inflammatory  processes,  the  end  point  is  a  fibrosis,  the 
examination  of  which  may  disclose  nothing  to  suggest  its  former 
inflammatory  nature.  In  the  two  cases  cited  above,  there  was 
a  marked  increase  of  connective  tissue  just  beneath  the  mucosa 
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and  only  after  a  very  careful  examination  were  a  few  areas  of 
round  celled  infiltration  found,  thus  proving  its  inflammatory 
origin. 

In  10  cases  of  this  series  in  which  nephrectomies  were  done 
the  urine  was  sterile  and  this  makes  it  all  the  more  probable  that 
the  inflammatory  process  found  in  the  ureteral  wall,  causing  a 
diminution  in  its  calibre  and  loss  of  elasticity,  was  the  etiological 
factor.  The  finding  of  an  inflammatory  infiltration,  associated 
with  a  gross  urinary  infection  however,  would  not  prove  conclu- 
sively that  the  ureteral  wall  lesion  was  the  cause  of  the  hydrone- 
phrosis. In  only  3  cases,  upon  incision  of  the  uretero-pelvic 
junction  and  without  a  microscopic  study,  could  ^e  be  certain 
as  to  the  character  of  the  lesion.  In  all  the  remaining  cases,  mi- 
croscopic study  of  the  tissue  was  necessary  to  demonstrate  the 
presence  of  an  inflammatory  process.  As  has  been  remarked 
above,  marked  contraction  of  the  ureter  is  not  necessary  in  or- 
der to  obstruct  the  outflow  of  urine  from  the  pelvis.  It  is  well 
known  that  a  contraction  in  the  lower  portion  of  the  ureter  may 
cause  very  sUght,  if  any,  hydronephrosis,  whereas  if  this  same 
degree  of  contraction  be  present  at  the  uretero-pelvic  junction, 
a  marked  and  rapidly  developing  hydronephrosis  will  result. 
The  reason  for  this  is  obvious.  The  ureter  being  a  strong  muscu- 
lar tube  can  overcome  a  considerable  degree  of  obstruction  be- 
fore any  marked  dilatation  develops  and  when  this  dilatation 
does  begin  above  the  point  of  obstruction,  it  travels  slowly  up- 
ward. The  kidney  is  therefore  protected  from  back  pressure 
until  the  entire  ureter^as  far  as  the  renal  pelvis  is  dilated.  An  ex- 
act analogy  of  the  behavdor  of  the  ureter  under  such  conditions 
is  to  be  found  in  urethral  stricture.  It  is  a  matter  of  common 
knowledge  that  marked  contraction  of  the  pendulous  urethra 
may  exist  without  producing  partial  or  complete  retention, 
although  the  size  of  the  stream  may  be  considerably  diminished. 
This  same  degree  of  contraction,  if  present  in  the  bulb,  will  more 
quickly  cause  severe  urinary  difficulty,  while  contractions  at  the 
vesical  orifice,  long  before  the  cahbre  is  greatly  diminished,  may 
result  in  complete  retention.  The  urethra  is  a  powerful  muscular 
tube  and  its  propelling  force,  added  to  that  of  the  bladder,  can 
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overcome  a  degree  of  obstruction  which  the  bladder  alone  is 
unable  to  accomplish. 

An  unusual  example  of  ureteral  stricture  which  suggests  an 
interesting  problem  in  the  physiology  of  the  ureter  is  shown  in 
fig.  3.     The  patient,  a  male,  aged  forty-six,  was  admitted  Janu- 


FiG.  3.  Interesting  Case  of  Two  Strictures  of  the  Ureter  Separated  by 

Marked  Hydroureter 

The  diameter  of  the  ureteral  lumen  at  the  upper  stricture  is  diminished  and 
there  is  only  slight  dilatation  of  the  upper  ureter  and  pelvis. 


ary  29,  1918,  with  the  history  of  marked  urinary  frequency  for 
three  years.  From  time  to  time  there  was  slight  hematuria  but 
there  had  never  been  anj^  symptoms  referable  to  either  kidney. 
Examination  upon  admission  revealed  a  wide  calibre  stricture 
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of  the  bulbous  urethra  which  prevented  the  passage  of  the  cysto- 
scope.  The  urine  was  very  cloud}'-  from  pus  and  colon  bacilli. 
After  dilatation  of  the  stricture,  cystoscopy  found  75  cc.  of  resid- 
ual urine  and  a  bladder  capacity  upon  forced  distension  of  only 
140  cc.  Upon  ureteral  catheterization  the  left  catheter  passed 
readily  but  the  right  met  an  obstruction  which  prevented  its 
introduction.  The  urine  from  the  left  side  was  infected  although 
the  output  of  phthalein  in  one-half  hour  was  35  per  cent.  The 
transvesical  phthalein  was  zero.  At  operation  on  February  27 
the  kidney  and  most  of  the  ureter  were  removed. 

Examination  of  the  specimen  shows  a  kidney  which  is  only 
slightly  hydronephrotic.  The  upper  end  of  the  ureter  is  not 
dilated  but  about  2  cm.  below  the, kidney  there  is  present  a 
marked  stricture.  The  wall  of  the  ureter  at  this  point  is  very 
greatly  thickened  but  the  calibre  of  its  lumen  is  only  shghtly 
diminished.  Immediately  below  this  dense  stricture,  the  m-eter 
is  enormously  dilated  for  a  distance  of  12  cm,  the  lumen  approxi- 
mating that  of  the  small  intestine  in  size.  Immediately  below 
this  the  ureter  presents  another  stricture  of  filiform  diameter 
which  involves  the  ureter  for  only  a  short  distance.  The  re- 
mainder of  the  ureter  is  apparently  normal.  The  point  of  inter- 
est is  that,  in  the  presence  of  these  two  dense  strictures  and  \\dth 
an  enormous  degree  of  hj^droureter,  the  upper  segment  of  the 
ureter  is  only  slightly  dilated  and  there  is  present  only  a  slight 
grade  of  hydronephrosis.  Both  strictures  are  apparently  of 
about  the  same  duration  and  the  obstruction  produced  by  the 
lower  stricture  resulted  in  the  enormous  dilatation  of  the  ureter. 
The  great  increase  in  the  intraureteral  pressure  at  this  point 
prevented  the  permanent  contraction  of  the  upper  stricture^ 
the  resistance  of  whose  fibrous  wall  in  which  there  is  a  great  deal 
of  hypertrophied  muscle,  served  as  a  protecting  barrier  to  the 
lu'eter  and  kidney  above. 

In  the  following  cases  of  hydronephrosis  nephrectomies  were 
done  and  a  sufficient  portion  of  the  upper  ureter  removed  to 
permit  of  microscopic  study  of  the  uretero-pelvic  junction.  In 
all  of  the  cases  examined  an  inflammatory  lesion  at  the  junction 
of  the  pelvis  and  ureter  was  demonstrated. 
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Case  1.  Male,  aged  twenty-nine.  Admitted  November  29,  1915,  with 
the  complaint  of  pain  in  the  right  side.  His  health  had  always  been 
good  and,  except  for  an  attack  of  gonorrhoea  of  six  weeks  duration 
three  years  prior  to  the  onset  of  his  present  illness,  his  personal  history 
was  negative.  The  condition  for  which  he  consulted  us  was  of  in- 
sidious onset,  beginning  about  four  years  before  admission.  The  pa- 
tient was  conscious  of  a  constant,  dull  ache  in  the  region  of  the  right  kid- 
ney which  did  not  become  acute  until  April,  1915.  At  this  time  it 
gradually  became  worse  and  for  a  period  of  ten  days  he  suffered  from 
more  or  less  constant  severe  pain  located  in  the  right  abdomen  and 
back.  During  this  time  there  was  high  fever  and  the  urine  which  was 
previously  clear  now  contained  a  large  amount  of  pus,  blood  and  albu- 
min. From  this  time  on  the  patient  was  conscious  of  the  presence  of 
a  large  tumor  mass  in  the  right  abdomen.  Following  the  subsidence 
of  the  first  attack,  he  was  free  from  serious  pain  until  two  weeks  before 
admission  when  he  suffered  another  attack  similar  to  the  first.  This 
attack  lasted  for  twelve  days,  there  was  high  fever  and  the  urinary  find- 
ings were  identical  with  those  accompanying  the  first  attack. 

Examination.  In  the  right  upper  abdomen  there  was  visible  a  large 
rounded  swelling  which  became  considerably  more  pronounced  when  the 
patient  assumed  an  erect  posture.  Palpation  revealed  a  mass,  rounded, 
smooth,  hard,  somewhat  larger  than  a  croquet  ball  and  not  tender  to 
pressure.  It  descended  slightly  with  inspiration  and  permitted  of 
slight  movement  with  the  hand.  The  bladder  urine  was  negative  for 
pathological  elements  and  the  total  phthalein  for  one  hour  was  50 
per  cent.  Upon  cystoscopy  the  bladder  appeared  perfectly  normal. 
Both  uretjers  were  catheterized,  the  urine  from  the  left  side  being  nor- 
mal and  the  output  of  phthalein  for  one-half  hour  being  35  per  cent. 
No  urine  could  be  recovered  from  the  right  catheter.  Plain  x-rays  of 
both  kidneys  revealed  no  suggestive  shadows  and  a  pyelogram  of  the 
right  was  unsuccessful,  owing  to  the  fact  that  fluid  could  not  be  intro- 
duced into  the  renal  pelvis.  The  pyelogram  of  the  left  kidney  was 
normal. 

Operation.  A  very  large  right  pyonephrosis  was  removed  through  a 
right  lumbar  incision.  The  specimen  was  interesting  in  that  it  pre- 
sented two  anomalies,  the  one  congenital,  the  other  acquired.  It  con- 
sisted of  a  large  pyonephrotic  sac  containing  practically  no  renal  tissue 
except  at  the  upper  pole  where  a  portion  of  parenchyma  9  by  4  by  3 
cm.  was  found.  Upon  further  examination  two  ureters  were  discov- 
ered, the  upper  one  draining  the  remaining  and  apparently  normal  por- 
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tiori  of  kidney,  the  other  entering  the  pyonephrosis  at  a  point  above 
and  internal  to  the  lower  pole.  The  upper  ureter  was  normal  and  its 
pelvis  showed  no  dilatation.  The  lower  ureter  however  for  a  distance  of 
2  inches  below  its  junction  with  the  pelvis  was  fibrous,  with  practically 
complete  obliteration  of  the  lumen. 

(''i.<i  ?.  Male,  aged  twenty-nine.  Admitted  November  14,  1916,  with 
the  history  of  dull,  aching  pain  in  the  left  kidney  region  associated  with 
urinarj'  frequency.  The  condition  had  begun  eighteen  months  before. 
At  no  time  had  the  pain  been  severe  and  had  been  characterized  through- 
out by  an  aching  sensation  and  a  feeling  of  distension  in  the  left 
hypochondrium. 

Examination.  Upon  abdominal  examination  neither  kidne\'  was 
palpable.  Except  for  some  tenderness  upon  pressure  over  the  left 
kidney  region,  nothing  definite  was  made  out.  Examination  of  the 
bladder  urine  revealed  many  pus  cells  and  a  large  nimiber  of  colon 
bacilli.  The  total  output  of  phthalein  for  one  horn-  was  41  per  cent. 
Upon  ureteral  catheterization  no.  7  catheters  were  readily  introduced  into 
the  renal  pelves.  The  urine  from  the  right  kidney  was  normal  and  the 
output  of  phthalein  for  one-half  hour  was  26  per  cent.  The  left  urine 
contained  pus  and  many  colon  bacilli  and  no  phthalein  was  secreted  in 
one-half  hour. 

Operation.  A  left  nephrectomy  was  done.  The  kidney  is  a  little 
larger  than  normal,  very  thin  walled  and  of  no  functional  value.  The 
pelvis  is  dilated  to  three  or  four  times  its  normal  size  and  at  the  exact 
point  where  the  dilatation  of  the  pelvis  ends  there  is  a  definite  narrowing 
of  the  ureter.  The  ureter  at  this  point  is  considerably^  smaller  than  the 
portion  below  and  the  constriction  measures  about  2  cm.  in  length. 
Upon  section  the  lumen  is  very  tortuous,  irregular  and  greatly  narrowed 
by  scar.  Microscopically  the  mucosa  is  intact  but  beneath  it  there  is  a 
great  increase  of  fibrous  tissue  which  has  replaced  largely  the  submucous 
and  muscle  laj-ers.  Scattered  here  and  there  are  collections  of  round 
cells. 

Case  3.  Male,  aged  twenty-two.  Admitted  December  14,  1915,  with 
the  complaint  of  pain  in  the  left  lower  abdomen.  Two  and  one-half 
years  before  he  had  suffered  from  a  severe  attack  of  pain,  beginning  in 
the  lower  left  abdomen  and  radiating  to  the  right  of  the  midline.  This 
attack  lasted  twenty  minutes,  during  which  time  he  had  marked  ur- 
gency of  urination.  He  continued  to  have  some  urinary  frequency 
and  two  months  later  had  another  attack  requiring  a  hypodermic  of 
morphia.     Since  this  time  he  has  suffered  from  repeated  attacks  of 
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pain  which  have  increased  in  severity  and  duration.  At  no  time  has 
the  pain  radiated  into  the  testicle  and  there  has  been  no  hematuria  or 
passage  of  calculus. 

Examination.  Upon  ureteral  catheterization  the  urines  from  each 
side  were  negative  for  pathological  elements.  Thirty-five  per  cent 
of  phthalein  was  secreted  from  the  right  kidney  in  one-half  hour  but 
only  a  faint  trace  was  recovered  from  the  left.     The  x-ray  examination 


Fig.  4.  Uretero-pyelogram  Showing  Large  Hydronephrosis  and  Stricture 

OF  THE  Upper  Ureter 

of  the  left  kidney  revealed  a  very  interesting  condition.  The  kidney 
was  quite  low  extending  to  within  1  inch  of  the  iliac  crest.  In  the  region 
of  the  lower  pole  were  three  groups  of  shadows  cast  by  many  small  seed 
calculi.  The  kidney  was  the  seat  of  an  extensive  hydronephrosis,  the 
dilatation  ending  sharply  with  the  beginning  of  the  ureter.  The  ureter 
for  a  distance  of  1.5  cm.  below  the  pelvis  was  very  narrow,  containing 
but  a  trace  of  collargol.  The  remainder  of  the  ureter  was  of  normal 
size  (see  fig.  4). 
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Operation.  Upon  delivering  the  kidney  it  was  found  to  be  dilated 
and  soft,  particularly  at  the  lower  pole.  The  extra-renal  portion  of  the 
pelvis  was  rounded  and  small,  being  about  the  size  of  a  golf  ball.  Just 
at  the  junction  of  the  pelvis  and  ureter,  there  was  a  definite  constric- 
tion which  apparently  caused  considerable  obstruction  as  the  pelvis 
was  still  distended  with  urine  after  the  manipulation  required  to  free 
the  kidney.  A  small  incision  was  made  through  the  uretero-pelvic 
junction  and  immediately  urine  containing  a  large  number  of  small  seed 
calculi  escaped.  The  extensive  destruction  of  the  kidney,  together  with 
the  presence  of  the  large  number  of  seed  calculi  made  a  plastic  opera- 
tion inadvisable  and  the  kidney  was  removed. 

Upon  examination  of  the  specimen  the  pelvis  and  adjacent  ureter 
are  extremely  thin.  The  mucosa  has  been  replaced  in  large  part  by 
fibrous  tisse  and  this  fibrosis  extends  well  into  the  muscle  laj'ers.  There 
is  also  an  extensive  infiltration  of  round  cells. 

Case  Jf.  Male,  aged  forty-Jour.  Admitted  December  5,  1916,  with 
the  history  of  repeated  attacks  of  pain  since  1898.  Frequent  examina- 
tions of  the  urine  since  this  time  have  always  revealed  the  presence  of 
a  large  amount  of  pus. 

Examination .  Urinalysis  at  the  time  of  admission  revealed  a  marked 
pj'uria  with  colon  bacillus  infection.  Upon  ureteral  catheterization  the 
urine  from  the  right  kidney  contained  the  same  infection  and  the  out- 
put of  phthaiein  for  one-half  hour  was  nil;  the  left  urine  was  normal 
and  the  phthaiein  output  30  per  cent.  Pyelography  revealed  a  large 
hydronephrosis,  the  dilatation  of  the  pehds  ending  sharply  at  its  junc- 
tion with  the  ureter.     The  ureteral  outUne  was  normal. 

Operation.  Upon  delivering  the  kidney  a  marked  grade  of  destruc- 
tion was  found.  The  pehds  was  enormously  dilated  to  the  point 
where  the  ureter  entered  it.  At  the  junction  of  ureter  and  pelvis  there 
was  a  slight  kink  and  the  ureter  at  this  point  was  considerably  narrower 
than  the  portion  immediately  below.     The  kidney  was  removed. 

On  opening  the  pehas  and  ureter  an  extremely  interesting  condition 
was  found.  As  shown  in  plate  4  the  junction  of  pelvis  and  ureter  there 
is  present  a  bar  of  tissue  which  extends  transversely  across  the  lumen 
greatly  obstructing  the  outlet.  The  bar  was  elevated  above  the  floor 
of  the  adjacent  ureter  for  a  distance  of  2  or  3  mm.  and  behind  it  on  the 
pehdc  side  was  a  considerable  depression.  The  whole  picture  reminded 
one  strongly  of  some  of  the  inflammatory  contractures  seen  at  the  vesi- 
cal orifice.  Microscopic  examination  of  the  tissue  revealed  an  un- 
mistakable picture  of  chronic  inflammation. 
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Case  5.  Male,  aged  thirty-seven.  This  patient  was  admitted  August 
15,  1916,  with  the  history  of  intermittent  attacks  of  left  lumbar  pain 
for  the  preceding  eight  months.  The  pain  usually  came  on  gradually, 
was  of  dull,  aching  character  and  remained  confined  to  the  left  lumbar 
region  beneath  the  costal  margin.  Its  duration  varied  from  two  hours 
to  three  days. 

Examination.  Abdominal  examination  revealed  no  areas  of  tender- 
ness.    Both  kidneys  were  just  palpable  at  their  lower  poles,  smooth 


Fig.  5.  Double  Uretero-pyelogram  Showing  a  Normal  CoNDiTioif  on  the 

Right  and  Hydronephrosis  with  Stricture  at  the  Uretero-pelvic 

Junction  on  the  Left 


and  not  painful  to  pressure.  The  urine  was  negative  both  chemically 
and  microscopically  and  the  total  output  of  phthalein  for  one  hour  was 
40  per  cent.  Upon  ureteral  catheterization  the  urine  from  the  right 
was  of  normal  color,  that  from  the  left  being  very  pale.  The  phthalein 
test  was  not  satisfactory  owing  to  inhibition  of  function.  As  shown  in 
figure  5,  pyelography  revealed  a  large  hydronephrosis  with  a  very  definite 
narrowing  at  the  uretero-pelvic  junction. 

Operation.     The  renal  pelvis  was  quite  prominent  and  even  when 
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considerable  pressure  was  made  it  remained  distended  with  urine. 
The  kidney  with  a  portion  of  adjacent  ureter  was  removed. 

As  shown  in  plate  5  the  pelvic  dilatation  ends  sharply  with  its  junc- 
tion with  the  ureter.  The  ureter  for  a  distance  of  2  cm.  below  this 
point  is  narrow  and  spindle  Uke,  being  about  half  the  diameter  of  the 
normal  ureter.  We  were  at  first  of  the  opinion  that  the  narrowing  was 
one  of  congenital  origin  and  it  was  not  until  a  careful  microscopicstudj" 
of  the  tissue  was  made  that  its  inflammatory  character  was  proved. 
"V\Tiile  the  epithehum  was  intact  the  tissues  beneath  consisted  ahnost 
wholly  of  scar,  the  fibrosis  extending  deeply  into  the  muscle. 

Case  6.  Male,  aged  twenty-five.  There  was  a  history  in  this  case  of 
intermittent  attacks  of  left  sided  pain  for  many  years.  The  pain  was 
confined  to  the  left  abdomen  beneath  the  costal  margin  and  did 
not  radiate.  There  was  no  history  of  the  passage  of  a  calculus  or 
hematmia. 

Examination.  Upon  examination  the  urine  was  normal  and  ureteral 
catheterization  found  a  functionless  kidnej'^  on  the  left.  Pyelography 
revealed  an  enormous  hydronephrosis,  the  dilatation  beginning  exactly 
at  the  junction  of  the  pelvis  and  ureter. 

Operation.  At  operation  an  extreme  narrowing  was  noted  at  the 
uretero-pelvic  junction  and  the  kidney  was  removed.  Unfortunately 
the  specimen  was  lost  and  a  histological  study  could  not  be  made. 

Case  7.  Male,  aged  twenty-eight.  This  patient  was  admitted  June  22, 
1916,  with  the  history  of  intermittent  attacks  of  pain  for  seven  months. 
The  pain  was  alwaj'-s  located  beneath  the  right  costal  margin  and  was 
unassociated  with  hematmia  of  the  passage  of  calculus. 

Examination.  Upon  examination  the  bladder  urine  was  sterile  and 
the  total  phthalein  55  per  cent  for  one  horn*.  Upon  ureteral  catheteriza- 
tion no  urine  could  be  obtained  from  the  right  catheter.  The  urine 
from  the  left  was  normal  and  the  one-half  hour  phthalein  40  per  cent. 
As  shown  by  pyelography,  the  right  kidney  is  the  seat  of  a  large 
hj^dronephrosis. 

Operation.  On  exposing  the  kidney  a  large  sacculated  hydronephrosis 
was  found,  the  dilatation  of  the  pelvis  ending  abruptlj^  with  the  upper 
ureter.  There  were  no  abnormal  blood  vessels  and  the  pelvis  was 
negative  for  stone.  The  kidney  was  completely  destroyed  and  an 
nephrectomy  was  done. 

On  opening  the  pelvis  and  ureter,  an  obstruction  which  resulted  in 
the  hydronephrosis  was  found  in  the  upper  ureter.  As  shown  in  plate 
6,   the  ureteral  lumen  is  very  tortuous  and  markedly  contracted  by 
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scar.  Microscopic  examination  of  the  tissue  shows  an  almost  complete 
replacement  of  the  normal  structures  by  inflammatory  elements. 

Case  8.  Male,  aged  twenty-four.  The  symptoms  in  this  case  began 
six  months  before  admission  when  the  patient  suffered  from  a  severe 
attack  of  pain  confined  to  the  region  of  the  left  kidney.  Since  the  onset 
of  the  illness,  there  had  been  6  attacks  of  pain,  the  average  duration  of 
each  being  from  two  to  three  days.  The  pain  was  unaccompanied  by 
any  other  symptoms. 

Examination.  Ureteral  catheterization  revealed  the  absence  of  in- 
fection in  either  kidney  and  the  one-half  hour  phthalein  output  from 
the  right  was  30  per  cent  as  against  12  per  cent  on  the  left.  A  left 
hydronephrosis  was  demonstrated  by  pyelography. 

Operation.  Upon  exposing  the  left  kidney  a  very  large  extrarenal 
pelvis  of  50  cc.  capacity  was  found.  The  upper  ureter  appeared  nor- 
mal except  for  a  definite  narrowing  just  at  its  point  of  junction  with 
the  pelvis.  The  obstruction  was  considerable  apparently  as  the  ma- 
nipulation required  to  free  the  kidney,  failed  to  empty  its  urinary  con- 
tents. Upon  opening  the  pelvis  and  ureter,  the  uretero-pelvic  junction 
was  greatly  constricted  and  the  microscopic  picture  was  similar  to  that 
noted  in  case  3. 

Case  9.  Male,  aged  twenty-three.  Admitted  January  10,  1914. 
During  the  three  years  prior  to  his  admission,  he  had  suffered  from  fre- 
quent attacks  of  pain  in  the  region  of  the  right  kidney.  This  was  his 
sole  symptom. 

Examination.  The  urine  was  free  from  pathological  elements  and 
the  total  phthalein  50  per  cent.  Upon  ureteral  catheterization  a  ster- 
ile but  functionless  kidney  was  found  on  the  right  and  pyelography 
revealed  a  large  hydronephrosis,  the  dilatation  ending  abruptly  with 
the  beginning  of  the  ureter. 

Operation.  An  enormous  hydronephrosis  was  removed.  Study  of 
the  junction  of  ureter  and  pelvis  showed  some  narrowing  in  the  gross 
and  on  microscopic  section  a  picture  typical  of  chronic  inflammation 
was  found. 

The  following  are  cases  in  which  plastic  operations  were  done 
and  no  tissue  could  be  obtained  for  microscopic  study.  The 
hydronephrosis  however  was  apparently  the  result  of  obstruction 
in  the  uretero-pelvic  region  and  they  are  most  probably  of  a  type 
similar  to  those  noted  above. 
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Case  1.  Male,  aged  nineteen.  Admitted  January  30,  1917,  with  the 
complaint  of  pain  in  the  left  Imnbar  region.  This  symptom  had  begun 
six  years  before,  since  which  time  the  patient  had  suffered  from  inter- 
mittent attacks  of  dull,  aching  pain.  The  pain  was  never  very  severe 
or  lancinating  in  character,  did  not  radiate  and  was  usually  of  about 
two  hours  duration. 

Examination.  Abdominal  examination  was  entirely  negative,  there 
being  no  masses  or  areas  of  tenderness.  The  bladder  urine  was  clear, 
free  of  albumin,  casts  and  infection  but  upon  centrifuging  a  number  of 
red  blood  cells  were  found.  Repeated  total  phthaleins  showed  an  out- 
put of  from  14  to  26  per  cent  for  the  first  hour  and  33  to  42  per  cent  for 
the  second  hour.  Upon  cystoscopy  the  bladder  was  perfectly  normal. 
Ureteral  catheterization  showed  an  output  of  phthalein  of  20  per  cent 
from  the  left  kidney  in  one-half  hour  but  none  was  recovered  from  the 
right  and  the  bladder  contents  failed  to  show  any  trace  of  the  dye. 
Pyelograms  of  both  kidnej's  show  a  large  double  hydronephrosis.  The 
right  kidney  is  apparently  completely  destroyed  while  on  the  left  the 
destruction  is  not  so  far  advanced.  The  outlines  of  the  ureter  and 
uretero-pelvic  jimction  on  the  right  are  indistinct  but  on  the  left  the 
entire  ureter  appears  normal. 

Operation.  At  operation  on  January  31,  1917,  the  left  kidney  was 
exposed  through  a  lumbar  incision.  Examination  revealed  a  greatlj^ 
enlarged  extrarenal  pelvis  and  for  a  distance  of  0.75  cm.  below  the 
uretero-pelvic  junction  a  distinct  narrowing  of  the  ureter,  the  ureter 
below  this  point  being  of  normal  size.  Three  tension  sutures  were  now 
taken;  one  at  the  junction  of  the  ureter  and  pelvis,  one  at  a  point  about 
1.5  cm.  from  the  uretero-pelvic  junction  in  the  pelvis  of  the  kidney 
toward  the  lower  pole,  the  third  1.5  cm.  below  the  junction  on  the  outer 
surface  of  the  ureter.  A  horse-shoe  shaped  incision  was  now  made 
through  the  ureter  and  pelvis  connecting  these  three  points.  The  inci- 
sion was  now  treated  in  a  manner  suggesting  the  pyloroplasty  of  Fin- 
ney. The  inner  edges  of  the  pelvic  and  ureteral  limbs  of  the  incision 
were  approximated  by  a  continuous  suture  of  fine  catgut  following  which 
the  outer  limbs  of  the  incision  were  brought  together  in  a  similar  man- 
ner. The  fatty  capsule  was  then  placed  around  the  region  of  the  plas- 
tic and  a  tube  drain  carried  down  behind  the  kidne3^ 

The  convalescence  from  operation  was  uneventful.  There  was  no 
urinary  drainage  from  the  wound  and  the  patient  was  discharged  from 
the  hospital  in  three  weeks.  When  seen  one  year  later,  he  had  been 
entirely  free  from  symptoms  and  had  had  no  recurrence  of  the  attacks 
of  pain. 
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Case  2.  Male,  aged  thirty-two.  Admitted  August  10,  1915,  with  the 
complaint  of  pain  in  the  left  side.  Fifteen  years  before  the  patient  had 
had  several  attacks  of  pain  in  the  left  kidney  region.  The  attacks 
would  begin  suddenly  and  were  usually  precipitated  by  violent  exer- 
cise. During  the  past  thirteen  years  the  patient  has  suffered  annually 
from  3  to  4  attacks  of  pain.  The  pain  is  usually  dull,  aching  in  char- 
acter, remains  confined  more  or  less  to  the  left  upper  abdomen  and 
gradually  disappears  in  the  course  of  two  or  three  hours.     The  attacks 


Fig.  6.  Pyelogram  Showing  Large  Hydronephrosis,  the  Pelvic  Dilatation 
Ending  Sharply  at  the  Beginning  of  the  Ureter 


have  frequently  been  associated  with  nausea  and  vomiting  and  in  re- 
cent years  hypodermics  of  morphia  have  been  necessary. 

Examination.  Pyelography  revealed  an  enormous  hydronephrosis  on 
the  right  side  while  the  left  kidney  showed  a  similar  process  to  a  lesser 
degree.  The  ureters  were  free  from  any  irregularity  and  the  dilatation 
ended  exactly  at  the  junction  of  pelvis  and  ureter  (see  fig.  6). 

Operation.  Upon  exposure  of  the  left  kidney,  it  was  found  to  be 
twice  the  size  of  normal,  of  good  color  and  rather  firm.  The  pelvis 
was  extrarenal  and  apparently  almost  all  of  the  hydronephrosis  was 
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confined  to  it.  The  manipulation  of  freeing  the  kidney  and  ureter 
failed  to  empty  the  100  cc.  of  urine  it  contained  and  as  the  dilatation 
commenced  sharply  at  the  junction  of  the  pelvis  and  ureter,  the  ob- 
struction was  thought  to  be  at  this  point,  although  there  was  no  exter- 
nal evidence  of  any  stricture.  An  incision  0.75  cm.  in  length,  made 
through  the  long  axis  of  the  ureter  and  pelvis  at  their  point  of  junction, 
revealed  a  very  definite  narrowing.  The  obstruction  was  corrected  by 
the  application  of  the  Heineke-MicuUcz  principle,  the  two  poles  of  the 
incision  being  approximated  by  catgut  suture.  Since  operation  the 
patient  has  had  no  recurrence  of  the  attacks  of  pain. 

Case  3.  Male,  aged  twenty.  For  three  years  prior  to  his  admission  on 
April  16,  1914,  this  patient  had  suffered  from  intermittent  attacks  of 
pain  in  the  left  side,  the  pain  being  located  just  above  the  crest  of  the 
ihum  in  the  axillary  fine. 

Examination.  Upon  examination  of  the  abdomen  no  abnormahties 
were  found.  The  bladder  urine  was  uninfected  and  the  output  of 
phthalein  for  one  hour  was  55  per  cent.  Pyelography  revealed  a  large 
hydronephrosis,  the' dilatation  ending  at  the  junction  of  pelvis  and 
ureter. 

Operation.  At  operation  the  kidney  appeared  normal  except  for 
fetal  lobulations.  The  pelvis  was  greatly  dilated  and  a  marked  con- 
striction was  found  just  at  the  junction  of  the  ureter  and  pelvis.  There 
was  no  dilatation  of  the  ureter  below  this  point,  its  upper  portion  was 
not  fixed  and  no  abnormal  vessels  were  found.  No  calculus  was  found 
in  the  pelvis  or  calyces.  An  incision  was  made  in  the  lower  portion  of 
the  pelvis  and  carried  down  into  the  ureter  through  the  constricted 
junction  and  sutured  together  in  the  opposite  direction. 

DIAGNOSIS 

With  our  modern  methods  the  diagnosis  of  hydronephrosis  is 
comparatively  easy.  The  demonstration  of  the  cause  of  a  given 
hydronephrosis  however  may  offer  considerable  difficulty  and  in 
a  certain  number  of  cases  it  must  be  made  by  elimination.  If 
the  pelvic  dilatation  ends  sharply  at  its  junction  with  the  ureter 
and  if  the  ureter  shows  no  evidence  of  obstruction  lower  down, 
it  is  reasonable  to  assume  that  the  obstruction  lies  at  the  point 
of  junction  of  the  pelvis  and  ureter.  In  certain  instances  a 
definite  narrowing  of  the  upper  ureter  may  be  demonstrated  by^ 
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uretero-pyelography  and  in  cases  where  an  aberrant  blood  vessel 
Dlavs  a  role  in  the  obstruction,  a  kink  in  the  upper  ureter  may 
be  found.  We  have  been  able  to  demonstrate  the  former  con- 
dition in  two  cases  and  the  latter  in  one.  In  other  cases  however 
the  diagnosis  can  be  made  only  by  eliminating  calculus,  tuberculo- 
sis and  tumor.  In  some  cases,  upon  exposing  the  pelvi  ■  and 
ureter,  the  area  of  stricture  can  be  determined  by  external  ex- 
amination, while  in  others  an  incision  through  the  uretero-pelvic 
junction  is  necessary  to  demonstrate  it.  In  our  series  of  cases 
we  have  found  but  one  which  was  of  congenital  origin  and  we 
believe  that  this  type  of  obstruction  in  this  region  must  be  en- 
tremely  rare.  Before  making  a  careful  histological  study  of 
these  specimens,  however,  we  had  considered  many  of  them  con- 
genital. We  desire  therefore  to  emphasize  the  fact  that  the 
narro wings  occurring  at  the  uretero-pelvic  junction  are  usually 
secondary  to  inflammatory  processes. 

The  method  of  Hunner  will  no  doubt  facilitate  the  recognition 
of  a  certain  number  of  these  cases  in  the  female,  particularly 
those  in  which  there  is  a  considerable  area  of  scar.  In  others  in 
which  the  narrowing  is  slight  and  the  mucosa  intact,  it  may  be 
difficult  to  distinguish  a  lesion  from  the  ring  muscle.  As  has  been 
indicated  above,  the  application  of  Hunner's  method  in  the  male 
will  not  be  successful  in  many  cases.  The  water  cystoscope  when 
used  for  ureteral  catheterization  has  as  its  chief  shortcoming  the 
difficulty  of  overcoming  slight  obstructions,  such  as  may  be 
occasioned  by  an  unusual  course  of  the  ureter  through  the  blad- 
der wall,  ureteral  kinks  or  the  catching  of  the  catheter  tip  in  the 
folds  of  ureteral  mucosa.  In  order  to  detect  a  stricture  with  the 
wax  bulb,  it  is  of  course  first  necessary  to  pass  it  through  the 
area  of  narrowing  and  upon  its  withdrawal  the  characteristic 
''hang"  is  obtained  and  the  diagnosis  made.  Unquestionably  a 
large  majority  of  these  narro  wings  if  sufficient  to  cause  hydro- 
nephrosis will  prevent  the  passage  of  the  wax  bulb  and  we  believe 
that  the  application  of  this  method  in  the  male  will  be  of  slight  aid 
to  diagnosis. 
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TREATMENT 

The  recognition  that  so  many  of  these  cases  of  so-called  pri- 
mary hydronephrosis  are  due  to  inflammatory  contracture  natur- 
ally suggests  the  possibility  of  employing  dilatation  as  a  means  of 
relie\'ing  the  obstruction.  Unfortunately  in  the  vast  majority 
of  cases  the  process  is  so  far  advanced  and  the  obstruction  of 
such  long  standing  that  attempts  at  dilitation  seem  hardly  war- 
ranted. Especially  is  this  true  when  the  kidney  is  converted 
into  a  pus  sac  or  when  its  functional  value  has  been  practically 
destroyed  and  intense  symptoms  of  distress  are  present.  Again 
when  the  inflammatory  process  is  of  long  duration  and  when  a 
large  amount  of  fibrous  tissue  is  present,  dilatation  if  secured, 
will  only  result  in  temporary  relief  because  of  subsequent  con- 
traction. There  is  a  possibiUty  that  if  these  cases  could  be 
secured  before  the  development  of  a  large  amount  of  scar  tis- 
sue in  the  ureteral  wall  that  dilatation  might  prove  of  consid- 
erable value. 

So  far  as  the  operative  treatment  of  a  given  case  is  concerned, 
it  wou^d  seem  to  make  Uttle  difference  whether  or  not  the  stric- 
ture was  of  the  acquired  or  congenital  variety.  The  determina- 
tion of  the  presence  or  absence  of  infection  in  the  urine  from 
each  side  together  with  the  functional  value  of  each  kidney  will 
be  of  great  aid  to  the  selection  of  the  proper  operative  treatment. 
If  a  bilateral  hydronephrosis  be  present,  with  a  reduction  in  the 
total  functional  capacity  of  the  kidneys,  procedures  designed  to 
correct  the  obstruction  are  infinitely  preferable  to  nephrectomy. 
In  other  cases  in  which  the  hydronephrosis  is  sHght,  but  appar- 
ently progressive,  and  in  which  the  condition  is  not  comphcated 
with  infection,  the  conservative  plastic  operation  is  certainly  the 
method  of  choice.  On  the  other  hand  a  marked  grade  of  in- 
fected hydronephrosis  with  full  compensation  established  in  the 
opposite  kidney  would  call  for  nephrectomy. 

The  nature  of  the  operative  treatment  therefore  will  depend 
upon  several  factors.  As  hydronephrosis  is  more  often  uni- 
lateral and  as  the  majority  of  cases  is  infected,  nephrectomy  is 
the  operation  most  frequently  employed.     There  is  however  a 
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certain  number  of  cases  in  which  nephrectomy  is  distinctly  con- 
traindicated  and  in  which  it  may  be  possible  by  a  plastic  opera- 
tion to  remove  the  obstruction,  thus  relieving  the  patient's  syrnp- 
toms  and  preventing  further  progression  of  the  disease.  The 
plan  of  procedure  will  vary  somewhat  with  the  character  and  ex- 
tent of  the  stricture.  If  the  narrowing  does  not  involve  the  ure- 
teral wall  deeply  or  for  an  extent  exceeding  0.5  cm.,  the  Heineke- 
Micuhcz  principle  may  be  successfully  employed  (see  plate  7). 
The  pelvis  and  upper  ureter  having  been  well  freed,  an  incision 
beginning  at  a  point  a  few  millimeters  on  the  pelvic  side  of  the 
junction  of  the  pelvis  and  ureter  is  carried  through  all  the  coats 
of  the  posterior  wall  to  a  point  a  few  millimeters  on  the  ureteral 
side  of  the  stricture.  The  poles  of  the  incision  are  now  approxi- 
mated so  that,  whereas  the  long  axis  of  the  incision  was  formerly 
vertical,  it  is  now  more  or  less  horizontal.  Fine  catgut  should 
be  used  in  making  the  approximation  and  if  possible  the  suture 
should  not  include  the  mucosa.  The  fatty  capsule  is  wrapped 
about  the  operative  site  and  a  rubber  tube  and  cigarette  drain  are 
carried  down  behind  the  kidney  to  within  a  short  distance  of  the 
ureteral  wound. 

In  cases  in  which  the  stricture  involves  the  upper  ureter  for  a 
distance  exceeding  1  cm.,  the  Heinke-Miculicz  principle  is  not 
applicable  and  one  of  two  procedures  may  be  employed.  If  the 
upper  ureter  is  the  seat  of  an  extensive  fibrosis  which  destroys  its 
pliability  and  renders  a  plastic  operation  difficult,  the  better 
course  to  follow  is  the  one  shown  in  plate  8.  This  consists  in 
the  amputation  of  the  ureter  below  the  area  of  stricture  and  the 
anastomosis  of  the  free  end  into  the  renal  pelvis.  This  method 
is  so  well  shown  in  the  accompanying  illustration  as  to  render 
further  description  unnecessary. 

In  other  instances  in  which  the  upper  ureter,  although  nar- 
rowed for  a  considerable  distance  is  not  so  rigid  as  to  require  its 
amputation,  a  third  method  may  be  employed.  This  method 
recalls  the  pyloroplasty  of  Finney  and  the  various  steps  in  the 
procedure  are  well  shown  in  plate  9.  After  thoroughly  freeing 
the  kidney  and  upper  ureter,  an  incision  beginning  at  the  lower- 
most portion  of  the  strictured  area  is  continued  in  horse-shoe 
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fashion  around  through  the  adjacent  pelvis  to  a  point  corre- 
sponding to  the  lower  level  of  the  ureteral  limb.  The  medial 
edges  of  this  incision  are  approximated  with  fine  catgut,  thus 
forming  the  floor  of  the  future  canal.  The  lateral  edges  of  the 
incision  are  then  brought  together  in  a  similar  manner  and  the 
procedure  is  completed.  A  six  to  eight  day  catgut  should  be 
used  and  as  the  suture  includes  the  mucosa,  care  should  be  taken 
to  tie  the  knots  externally.  The  site  of  the  plastic  is  now  cov- 
ered with  the  fatty  capsule.  Because  of  the  contamination  of 
the  wound  with  urine  which  is  frequently  infected  and  the  further 
possibility  of  temporary  urinary  leakage,  a  rubber  tube  ai|d  cig- 
arette drain  should  be  carried  down  to  the  vicinity  of  the  plastic. 

CONCLUSIONS 

The  study  of  our  material  shows  that  the  most  frequent  cause 
of  so-called  primary  hydronephrosis  is  an  inflammatory  contrac- 
tion at  the  uretero-pelvic  junction,  and  we  beUeve  that  more  care- 
ful microscopic  study  of  this  region  in  cases  of  hydronephrosis, 
without  apparent  cause,  will  disclose  this  lesion  in  a  large  per- 
centage of  them.  In  many  cases  in  which  aberrant  blood 
vessels,  renal  mobility,  or  abnormal  implantation  of  the  ureter 
have  been  assigned  as  the  cause  of  the  hydronephrosis,  careful  ex- 
amination of  the  upper  ureter  and  pelvis  will  reveal  inflammatory 
narrowings  which  have  unquestionably  played  the  primary  role. 
WTien  the  kidney  is  extensively  destroyed,  nephrectomy,  if  not 
contraindicated,  should  be  carried  out.  WTien  the  kidney, 
however,  possesses  valuable  renal  function  or  when  a  bilateral 
condition  contraindicates  nephrectomy,  the  various  plastic  pro- 
cedures outlined  above  offer  considerable  prospect  of  success. 


PLATE  1 

Series  of  Five  Drawings  Showing  the  Development  of  Hydronephrosis 

As  the  kidney  descends  it  swings  over  toward  the  midline  as  shown  by  the  ar- 
rows. With  the  descensus  and  swinging  inward  there  is  a  corresponding  elevation 
of  the  uretero-pelvic  junction  resulting  in  valve  formation  which  increases  the 
obstruction  (Kelly  and  Burnam). 
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PLATE  1 
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PLATE  2 

Anterior  View  of  Double  Kidney,  the  Lower  Half  of  Which  is 
Hydronephrotic 

The  pelvis  and  ureter  of  the  upper  half  are  normal.  The  upper  portion  of  the 
lower  ureter  is  fibrous  throughout  and  enters  the  posterior  wall  of  the  pelvis  just 
below  its  mid  portion. 
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PLATE  2 
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PLATK  3 

Showing   Large  Hydronephrosis  Caused  by  Coxgexital  Defect  at  the 
Junction  of  Pelvis  ax'd  Ureter 

The  insert  shows  a  globular  enlargement  obstructing  the  ureteral  orifice. 
Microscopic  study  of  this  area  showed  it  to  consist  entirely  of  smooth  muscle  and 
the  condition  represents  no  doubt  a  congenital  hypertrophy  of  the  ring  muscle. 


196 


PRIMARY  HYDRONEPHROSIS 

JOHN  T.    GERAGHTY    AND   WILLIAM    A.   FRONTZ 


PLATE   3 
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PLATE  4 

Large  Hydronephrosis  Caused  by  Inflammatory  Stricture  at  the 
Uretero-pelvic  Junction 
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PLATE  4 
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PLATE  5 

Showing  Moderate  Sized  Hydronephrosis  Caused  by  Spindle  Shaped 
Contraction  of  the  Upper  Ureter 
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PLATES 
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PLATE  6 

Large  Hydronephrosis  Secondary  to  Inflammatory  Stricture  of  the 

Upper  Ureter 

The  insert  shows  the  great  narrowing  and  tortuosity  of  the  ureteral  lumen. 
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PLATE  6 
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PLATE  7 

The  Plastic  Shown  Insures  a  Widening  of  the  Uretero-pelvic 

Junction  When  the  Stricture  Involves  the  Ureter  for  Only 

A  Short  Distance 
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PLATE? 
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PLATE  8 
Showixg  the  Operation  for  Amputation  of  the  Upper  Ureter  and  Anasta- 

MOSIS    OF   THE   FrEE   EnD    InTO   THE    ReXAL   PeLVIS 
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PIATE  8 
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PLATE  9 

Showing  the  Various  Steps  in  the  Plastic    Operation  for  the  Correc- 
tion OF  Extensive  Narrowings  of  the  Upper  Ureter 
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PLATE  9 
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ON  THE  ABSORPTION  OF  DRUGS  AND  POISONS  FROM 
THE  BLADDER  AND  THE  URETHRA 

II.  Absorption  of  Various  Alkaloids,  Antiseptics,  Local 
Anesthetics  and  Salts 

DAVID  I.  MACHT 

From  the  Pharmacological  Laboratory,  Johns  Hopkins  University,  and  the  James 
Buchanan  Brady  Urological  Institute,  Baltimore 

In  a  previous  communication  (1),  the  author  has  shown  that 
apomorphin  and  morphin  furnish  a  very  convenient  method  for 
the  study  of  absorption  from  the  bladder  and  the  urethra,  es- 
pecially in  the  unanesthetized  animal.  It  was  further  sho\\Ti  that 
these  alkaloids  are  very  poorly  absorbed  from  the  bladder  but  are 
very  rapidly  absorbed  from  the  urethra,  the  posterior  urethra 
being  more  efficacious  than  the  anterior  one  in  that  respect.  Fol- 
lowing the  observations  on  the  absorption  of  morphin  and  apo- 
morphin, the  author  undertook  the  study  of  the  absorption  of  a 
large  number  of  pharmacological  agents  from  the  same  organs. 
The  results  of  that  study  are  to  be  reported  in  this  communica- 
tion. The  substances  studied  include  a  number  of  alkaloids,  local 
anesthetics,  antiseptics  and  some  salts.  The  method  of  study  has 
already  been  described  in  the  preceding  paper.  In  the  present 
communication  the  chief  interest  centers  on  the  comparative 
absorptive  powers  of  the  bladder  on  the  one  hand  and  the  whole 
urethra  on  the  other.  The  difference  in  absorption  between  the 
posterior  and  anterior  portions  of  the  urethra  were  found  in  gen- 
eral to  be  the  same  as  in  the  case  of  apomorphin  and  morphin, 
and  for  that  reason  further  differentiation  between  the  various 
part  of  the  urethra  in  respect  to  their  absorptive  power  is  not 
gone  into  in  the  present  paper.  Inasmuch  as  most  of  the  sub- 
stances here  studied  are  \dolent  poisons,  the  great  majority  of  the 
experiments  were  performed  on  anesthetized  animals.   A  further 
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reason  for  the  employment  of  anesthesia  was  the  fact  that  in  most 
of  the  cases  blood  pressure  and  respiratory  tracings  were  made  in 
order  to  study  physiological  signs  of  absorption  of  the  drugs. 

ON   THE   ABSORPTION    OF   SOME   ALKALOIDS 

The  absorption  of  apomorphin  and  morphin  has  already  been 
described  in  detail.  Other  alkaloids  studied  were  atropin,  co- 
caine, pilocarpin,  aconitin,  nicotin  and  epinephrin.  Cocaine  will 
be  considered  under  the  heading  of  anesthetics. 

Atropin.  As  a  criterion  of  the'absorption  of  atropin,  the  author 
took  advantage  of  its  well  known  effect  upon  the  nerve  terminals 
or  myoneural  junctions  of  the  parasympathetic  nervous  system 
and  more  particularly  on  the  vagus  endings  in  the  heart.  Even 
small  doses  of  atropin  when  injected  into  an  animal  quickly 
paralyze  the  terminals  of  the  vagi  so  that  subsequent  stimulation 
with  the  electric  current  is  ineffectual  in  inhibiting  the  heart 
action.  It  was  found  that  on  introducing  a  solution  of  atropin 
sulphate  0.1  per  cent  into  the  bladder  of  a  dog,  care  being  taken 
to  leave  the  catheter  in  position  so  as  to  prevent  regurgitation 
or  back-flow  into  the  urethra,  there  was  no  demonstrable  absorp- 
tion of  the  alkaloid  even  as  late  as  half  an  hour  after  the  intro- 
duction of  the  drug  into  the  bladder.  Stimulation  of  the  vagi 
with  the  electric  current  continued  to  inhibit  the  heart  action 
exactly  the  same  as  in  the  normal  animal.  On  the  other  hand,  on 
irrigating  the  urethra  with  the  same  strength  of  solution  of  atro- 
pin sulphate,  absorption  took  place  in  the  course  of  a  very  few 
minutes,  so  that  stimulation  of  the  vagi  required  a  greater  amount 
of  energy  to  produce  the  same  inhibition  and  finally  after  a  lapse 
of  a  longer  interval  could  not  be  affected  at  all,  thus  indicating 
the  complete  paralysis  of  the  vagi  terminals  in  the  heart.  These 
results  could  be  and  were  expressed  in  terms  of  absolute  physical 
units  by  the  use  of  a  calibrated  induction  coil. 

Pilocarpin.  Ten  cubic  centimeters  of  a  1  per  cent  solution  of 
pilocarpin  hydrochloride  introduced  into  the  bladder  of  a  dog 
were  found  to  give  no  evidence  of  absorption  even  half  an  hour 
after  the  introduction  of  the  drug,  as  evidenced  by  its  specific 


Fia.  lA.   Effect  of  5  cc.  of  Atropine  Sulphate  (0.1  per  ceut)  Introduced  into 

THE  Bladder 

Note  that  stimulation  with  secondary  in  positions  a,  b  or  c,  or  13  cm.  from  pri- 
mary coil  produces  marked  and  immediate  inhibition  of  the  heart.  This  energj'  is 
equivalent  to  1863  C.  G.  S.  units.   Central  ends  of  vagi  have  been  cut. 


Fig.  IB.  Thirty  Minutes  Afteb  thb  Introduction  of  Atbopin 

No  effect  noted  on  terminals  of  vagi  on  stimulating  at  d.  Ten  cubic  centimeters 
more[  of  the  alkaloid  were  then  intuoduced  with  no  effect  on  stimulating  at  e,  / 
andl(r. 
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effect  on  the  salivary  glands.  Even  stronger  solutions  of  pilo- 
carpin  failed  to  produce  salivation.  On  the  other  hand,  on  irri- 
gating the  urethra  with  a  1  per  cent  solution  of  pilocarpin,  dis- 
tinct salivation  of  the  animal  was  noted  in  about  ten  minutes, 
thus  proving  its  absorption  into  the  circulation. 

Nicotin.  It  is  well  known  that  nicotin  is  very  quickly  absorbed 
from  mucous  membranes  and  even  through  the  skin.  It  was  there- 
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Fig.  2.  Absorption  of  Atropin  from  Urethra  of  Dog 

a,  b,  and  c  amount  of  energy  required  to  produce  complete  inhibition  of  heart. 
At  /,  g,  h,  i,  j,  k,  I  note  that  gradually  increasing  quantities  of  energy  fail  to  pro- 
duce inhibition.  (12  cm.  equals  2622  C.  G.  S.  units;  10  cm.  equals  5520  C.  G.  S. 
units).    Central  ends  of  vagi  are  cut. 


fore  expected  that  its  absorption  from  the  bladder  would  take 
place  rather  rapidly.  Experiments  with  this  alkaloid,  however, 
showed  that  even  nicotin  is  very  poorly  absorbed  from  the 
bladder  wall.  Five  cubic  centimeters  of  a  1  per  cent  solution  of 
nicotin  introduced  into  the  bladder  of  a  dog  produced  no  effect 
on  the  blood  pressure  or  respiratory  curves  fifteen  minutes  and 
even  later  after  the  beginning  of  the  experiment.  On  the  other 
hand,  irrigation,  of  the  urethra  with  10  cc.  of  the  same  solution 
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was  followed  by  marked  signs  of  absorption  a  minute  later  and 
death  soon  afterwards.  This  difference  in  absorption  of  nicotin 
from  the  bladder  and  the  urethra  is  truly  remarkable  and  can 
only  be  matched  by  the  behavior  of  a  solution  of  potassium  cya- 
nide in  this  respect,  to  be  described  later  on. 


Fiu.  3.  Five  Cubic  Centimeters  of  1  Per  Cent  Nicotin  Solution  in  Bladder 

Shows  no  Effect 

Irrigation  of  urethra  with  the  same  solution  produces  failure  of  respiration  and 
heart. 


Aconitin.  This  very  powerful  alkaloid  also  well  illustrates  the 
difference  in  absorption  between  the  bladder  and  the  urethra. 
The  difference  in  the  absorptive  power  of  the  two  organs,  how- 
ever, cannot  be  sharply  distinguished  because  of  the  paralyzing 
action  of  aconitin  upon  the  sphincter  muscles.  On  introducing  10 
cc.  of  a  0.05  per  cent  of  aconitin  hydrochloride  into  the  bladder  of 
a  large  dog,  there  are  at  first  no  evidences  of  its  absorption.  Soon 
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however,  it  can  be  demonstrated  that  the  internal  sphincter  of 
the  bladder  is  relaxed  and  the  solution  of  the  alkaloid  thus  gets 
into  the  urethra  and  is  followed  by  absorption  of  the  drug,  as 
shown  by  its  effect  on  the  circulation  and  respiration.  That  the 
alkaloid,  however,  is  more  rapidly  absorbed  from  the  urethra 
than  from  the  bladder  can  be  shown  by  irrigating  the  urethra 
with  the  same  solution  without  pushing  the  catheter  into  the 


Fig.  5.  Absorption  of  Acoxitix  from  the  Urethra  of  Dog 


bladder.    In  such  a  case  absorption  from  the  urethra  takes  place 
more  rapidly  as  is  well  illustrated  by  the  figure  5. 

E-pinephrin.  Epinephrin  or  adrenalin  is  used  in  the  treatment 
of  vesical  and  urethral  hemorrhage ;  inasmuch  as  it  is  a  powerful 
vasoconstrictor,  little  or  no  absorption  of  this  alkaloid  can  be 
expected  from  any  mucous  surface.  To  make  certain,  however, 
of  this  point  experiments  were  made  with  epinephrin  in  respect  to 
its  absorbabihty  from  the  bladder  and  the  urethra.  It  was  found 
that  on  introducing  5  cc.  or  more  of  a  1 :1000,  solution  of  epi- 
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nephrin  into  the  bladder  of  a  dog,  no  signs  of  absorption  occurred. 
On  irrigating  the  urethra,  however,  with  even  weaker  solutions 
of  adrenalin,  enough  of  the  drug  occasionally  (not  always)  was 
absorbed  before  the  vessels  were  completely  contracted,  to  pro- 
duce a  definite  and  characteristic  rise  in  blood  pressure,  as  shown 
by  figure  6.    It  was  furthermore  found  that  the  absorption  of 
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Fig.  6.  Epinephkin  1  to  1000  on  Introduction  of  5  cc.  into  Bladder  Produces 

NO  Effect 

Urethra  of  same  dog  irrigated  with  epinephrin  1  to  2000  shows  some  absorption. 


epinephrin  through  the  urethral  walls  could  be  facilitated  by 
previous  local  treatment  of  the  urethra  with  a  solution  of  ergo- 
toxin  (fig.  7).  As  is  well  known,  ergotoxin  has  the  property  of 
paralyzing  the  pressor  or  constrictor  (but  not  the  depressor  or 
dilator)  terminals  of  the  true  sympathetic  nerves.  This  has  been 
shown  by  the  author  to  hold  true  also  in  excised  or  isolated  blood 
vessels  (2)    On  irrigating  the  urethra  of  a  dog  with  a  solution  of 
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0.1  per  cent  of  ergotoxin  phosphate,  it  was  found  that  a  slight 
local  paralysis  of  the  vessels  in  the  urethral  walls  was  produced 
sufficient  to  enable  a  subsequent  irrigation  with  an  epinephrin 
solution  to  be  absorbed  more  efficiently  than  in  an  animal  not 
previously  treated  with  ergotoxin.  This  same  result  could  not  be 
obtained  by  a  similar  treatment  of  the  bladder.  After  prolonged 
irrigation  of  the  urethra  with  a  solution  of  ergotoxin,  a  sufficient 
amount  of  ergotoxin  was  absorbed  through  the  urethra  into  the 
general  circulation,  in  some  experiments,  to  actually  give  a  para- 


FiG.  7.  Irrigation  of  Urethra  of  Dog  with  Ergotoxin  (5  mgm.  in  5  cc.)  Fol- 
lowed BY  Epinephrin  (2  mgm.  in  5  cc.) 

doxical  fall  in  blood  pressure  after  a  subsequent  urethral  irriga- 
tion with  epinephrin.  No  such  effect  could  be  obtained  in  the 
case  of  the  bladder. 


ON   THE   ABSORPTION    OF   SOME   ANTISEPTICS 

Experiments  were  made  with  solutions  of  phenol  (carbolic 
acid)  and  cresol.  Irrigations  of  a  dog's  urethra  with  a  1  per  cent 
solution  of  carboUc  acid  gave  evidence  of  absorption  as  shown  by 
a  drop  in  blood  pressure  and  shallowness  in  the  respiration  some 
fifteen  minutes  after  the  beginning  of  the  experiment.  Larger 
doses  of  phenol  produced  the  same  effect.  The  drop  in  blood  pres- 


Fig.  8.  Five  Cubic  Centimeteks  of  Cocaix  Hydrochloride  (5  Per  Cent  Solu- 
tion) IN  Bladder 

Shows  no  change  in  blood  pressure  or  respiration  in  over  one  hour. 
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Fig.  9.  Urethra  of  Dog  Irrigated  with  2  Per  Cent  Cocain  Hydrochloride 
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sure  after  phenol  was  not  very  marked  yet  gave  evidence  of  a  def- 
inite absorption  of  the  drug  from  the  urethra.  The  same  concen- 
tration of  phenol  and  even  stronger  solutions  introduced  into  the 
bladder  gave  signs  of  no  absorption  after  fifteen  minutes  or  even 


Fig.  10.  Effect  of  Alypin  on  the  Bladder  Absorption 
Ten  cubic  centimeters  of  0.1  p>er  cent  in  bladder  produces  no  effect. 


longer.  After  longer  periods  of  time,  however,  it  was  found  that 
phenol  apparently  relaxed  the  sphincters,  causing  the  penetra- 
tion of  the  drug  into  the  urethra  and  its  subsequent  absorption. 

Experiments  with  cresol  showed  in  general  the  same  effect  as 
phenol  only  in  a  lesser  degree. 
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ON   THE   ABSORPTION   OF   SOME    LOCAL  ANESTHETICS 

Only  cocain  and  alypin  were  studied  in  this  connection.  It  was 
found  that  the  same  difference  in  the  absorptive  power  between 
the  bladder  and  the  urethra  noted  in  case  of  other  alkaloids  held 


Fig.  11.  Absorption  of  Alypin  from  Urethra 

Effect  of  irrigation  with  0.05  per  cent  of  the  drug.    Upper  curve,  respiration; 
lower  curve,  blood  pressure. 


good  also  in  case  of  cocain  and  alypin.  Thus  in  one  experiment  5^ 
ec.  of  a  5  per  cent  solution  of  cocain  hydrochloride  introduced  into 
the  bladder  of  a  dog  showed  no  signs  of  absorption  as  late  as  one 
hour  after  the  beginning  of  the  experiment  (see  fig.  8).  On  the 
other  hand,  irrigation  of  the  urethra  of  another  dog  with  a  2  per 
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cent  solution  of  cocain  hydrochloride  was  soon  followed  by  definite 
signs  of  absorption  as  shown  by  the  effect  on  blood  pressure  and 
respiration  and  subsequent  convulsions  in  the  animal  (see  fig.  9). 
Experiments  with  alypin  were  followed  with  exactly  similar 
results.  Unfortunately  the  supply  of  the  drug  was  limited  and  only 


Fig.  13.  Absorption  of  Potassium  Cyanide  on  Irrigation   of  Urethra  of 

Dog 

weak  solutions  of  it  could  be  used,  so  that  the  curves  are  not  as 
striking  as  in  case  of  cocain  (see  figs.  10  and  11). 


ON   THE    ABSORPTION   OF   POTASSIUM   CYANIDE 

In  order  to  study  the  relative  absorption  of  dissociable  salts  or 
electrolytes,  solutions  of  potassium  cyanide  were  employed  by  the 
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author  in  much  the  same  maimer  as  in  the  study  of  the  absorption 
of  that  drug  from  the  vagina  (3).  The  difference  between  the 
absorptive  powers  of  the  bladder  and  the  urethra  can  be  demon- 
strated in  a  most  remarkable  manner  by  the  use  of  this  poison,  as 
shown  by  figures  12  and  13.  In  one  experiment  (see  fig.  12)  10  cc. 
of  a  1  per  cent  solution  of  potassium  cyanide  was  introduced  into 
the  bladder  of  a  dog  weighing  7.9  kilo  and  there  was  no  sign  of 
absorption  evidenced  for  an  hour  or  longer  after  introduction  of 
the  drug,  as  shown  by  the  effect  on  the  respiration  and  blood  pres- 
sure, except  for  the  primary  reflexly  irritating  effect  of  the  salt  on 
the  blood  pressure.  The  first  injection  was  followed  by  a  second 
one  (at  B),  this  time  of  5  cc.  of  a  5  per  cent  solution  of  the  drug. 
This  was  also  not  followed  by  any  marked  absorption.  At  (C)  1 
cc.  of  a  1  per  cent  solution  of  potassium  cyanide  was  injected  in- 
travenously and  was  followed  immediately  by  the  characteristic 
paralysis  of  respiration  and  change  in  the  blood  pressure  curve. 
In  another  experiment  (see  fig.  13)  the  urethra  was  irrigated  with 
a  5  per  cent  solution  of  KCN,  as  shown  in  the  figure  and  this  was 
followed  very  quickly  by  absorption  and  rapid  poisoning  of  the 
animal  and  death.  From  the  study  of  the  last  two  figures  it  will 
be  strikingly  evident  that  the  absorptive  powers  of  the  bladder  and 
the  urethra  are  very  different. 

DISCUSSION 

From  the  above  described  experiments  it  will  be  seen  that  a 
large  number  of  drugs  and  poisons  can  be  and  are  absorbed  from 
the  urethra.  It  is  furthermore  seen  that  the  absorptive  power  of 
the  bladder  is  very  poor  as  compared  with  that  of  the  urethra. 
These  observ^ations  are  not  only  of  scientific  interest  but  are  also 
of  practical  importance.  A  review  of  clinical  evidence  agrees  with 
the  experimental  findings  described  above.  Poisoning  through 
the  urinary'  tracts  has  been  reported  and  is  not  uncommon.  On 
studying  such  cases  it  will  be  found  that  absorption  of  drugs  or 
poisons  in  them  occurred  for  the  most  part  through  the  \irethra. 
This  holds  good  not  only  in  case  of  the  male,  but  also  in  the  female. 
Absorption  from  the  prostatic  urethra  in  urological  practice  is  not 
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unknown.  In  gynecology  poisoning  from  the  short  female  urethra 
has  also  been  described.  A  well  known  known  gynecologist  only 
recently  communicated  to  the  author  the  histories  of  two  patients 
with  idiosyncrasy  toward  cocain  in  whom  he  has  observed  defi- 
nite signs  of  cocain  poisoning  after  application  of  small  amounts 
of  it  to  the  urethral  orifice  for  the  purposes  of  dilatation. 

CONCLUSIONS 

1.  The  absorption  of  a  large  number  of  drugs  and  poisons — 
alkaloids,  antiseptics,  salts  and  local  anesthetics — from  the  blad- 
der and  the  urethra  in  the  male  was  studied. 

2.  It  was  found  that  the  absorptive  power  of  the  bladder  is  very 
poor  while  absorption  from  the  urethra  takes  place  very  rapidly 
and  efficiently. 

3.  These  facts  are  not  only  of  a  scientific  interest  but  are  of 
practical  importance. 

REFERENCES 

(1)  Macht:   Journ.  Urology,  February,  1918. 

(2)  Macht:   Journ.  Pharm.  and  Exp.  Therap.,  1916,  vi,  591. 

(3)  Macht:   Journ.  Pharm.  and  Exp.  Therap.,  1918,  x,  509. 


THE  EFFECT  OF  THE  ADMINISTRATION  OF  UREA 
ON  THE  RATIO  BETWEEN  THE  RATE  OF  UREA 
EXCRETION  AND  THE  CONCENTRATION  OF  UREA 
IN  THE  BLOOD  IN  EXPERIMENTAL  GLOMERULO- 
NEPHRITIS 

C.  K.  WATANABE 

From  the  Laboratory  of  Pathological  Chemistry  of  the  New  York  Post  Graduate 
Medical  School  and  Hospital 

Since  the  discovery  by  Schlayer  and  others  (1)  that  the  adminis- 
tration of  various  toxins  causes  a  nephritis  of  either  the  tubular 
or  vascular  type,  the  study  of  nephritis  along  anatomical  and 
physiological  lines  has  shown  progressive  development.  Pearce 
and  others  (2)  definitely  confirmed  the  above  e\'idence  in  later 
work  with  dogs  whereas  the  former  investigators  used  rabbits. 
It  is  now  well  known  that  poisons  such  as  chromate,  uranium  and 
sublimate  affect  the  epithelial  tissue  producing  extensive  tubular 
injury.  On  the  other  hand,  arsenic,  catharidin  and  diphtheria 
toxin  act  to  a  greater  extent  on  the  vascular  tissue  and  less  on  the 
tubules.  The  above  workers  noted  that  the  excretion  of  nitrogen 
was  diminished  after  the  administration  of  tubular  poisons.  The 
retention  of  nitrogen  in  uranium  nephritis  without  any  increased 
excretion  of  fecal  nitrogen  was  reported  by  Siegel  (3).  Austin 
and  Eisenberg  (4)  noted  the  retention  of  nitrogen  after  the  admin- 
istration of  large  doses  of  uranium,  cantharidin  and  chromate. 
L^nderhill  and  others  (5)  reported  the  same  phenomenon  in  tar- 
trate nephritis,  which  is  of  the  same  character  as  the  iu*anium 
type. 

In  the  early  stages  of  nephritis  the  nitrogen  excretion  is  not 
markedly  altered;  the  output  of  urine,  however,  as  Weber  (6) 
and  others  have  shown,  is  somewhat  increased.  HeUin  (7)  states 
that  in  artificial  nephritis  diuretics  cause  the  kidney  to  excrete 
more  urine  than  under  normal  conditions.  In  incipient  nephritis, 
or  even  in  the  moderate  grades  of  the  disease,  experimental  and 
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clinical  evidence  shows  that  the  kidney  is  more  sensitive  than 
usual.  Pohl  (8)  described  an  increased  elimination  of  water, 
sodium  chloride  and  nitrogen  in  aristochin  poisoning  and  Austin 
and  Eisenberg  (4)  reported  the  same  phenomenon  in  the  nephritis 
produced  by  small  doses  of  uranium.  The  experimental  work  of 
Mosenthal  (9)  likewise  confirms  this  view.  We  (10)  have  also 
noted  a  greater  permeability  of  the  kidney  in  experimental 
uranium  nephritis.  There  was  a  marked  increase  in  water  and  an 
absolute  and  relative  increase  in  nitrogen  as  compared  with  the 
blood  nitrogen.  The  above  facts  show  that  it  is  impossible  to 
determine  accurately  the  function  of  the  kidney  by  measuring  the 
blood  and  urine  constituents.  Furthermore,  one  kidney  is  capable 
of  performing  the  function  of  both  kidneys  in  eliminating  the  end 
products  of  metabolism,  as  shown  by  Addis  and  Watanabe  (11). 
Although  the  compensatory  hyperactivity  of  the  healthy  tissue 
of  the  kidney  may  act  in  maintaining  the  balance  of  excretion,  it 
leads  one  to  believe  that  overworking  the  kidney  by  giving  large 
quantities  of  urea,  would  cause  a  condition  of  fatigue  in  the  sur- 
viving tissue.  In  this  connection,  Watanabe,  Oliver  and  Addis 
(12),  demonstrated  a  decrease  in  the  ratio  of  the  rate  of  excretion 
of  urea  to  the  amount  in  the  blood  after  urea  administration  in 
uranium  nephritis.  Urea  is  excreted  principally  through  the 
proximal  convoluted  tubular  epithelium.  Since  the  convoluted 
tubules  are  affected  in  uranium  poisoning,  in  this  type  of  nephritis 
there  is  a  decrease  of  the  ratio  in  a  condition  of  kidney  fatigue. 
However,  this  may  not  apply  to  the  vascular  type  of  lesion  unless 
the  flow  of  urine  is  greatly  diminished. 

The  present  work  is  to  inquire  whether  or  not  the  condition  of 
kidney  fatigue  may  be  produced  in  experimental  vascular  ne- 
phritis by  giving  urea  as  the  extra-renal  factor. 

METHODS 

Rabbits  were  employed  in  this  investigation.  One  or  two  days 
previous  to  the  beginning  of  the  experiment,  the  animals  were  fed 
cabbage  and  water  freely;  then  after  seventeen  hours  of  com- 
plete starvation  the  experiment  was  begun.    The  work  was  re- 
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peated  on  each  rabbit  after  a  suitable  interval.  One  week  after 
the  first  period  of  the  investigation,  arsenious  acid  was  admin- 
istered subcutaneously  in  varjdng  doses.  Pearce  and  Brown  (13) 
have  demonstrated  that  this  compound  is  more  effective  than 
other  arsenicals  in  producing  the  vascular  type  of  lesion  in  the 
kidney.  Three  days  after  the  injection  the  second  period  of  the 
investigation  was  begun. 

For  the  determination  of  urea  in  the  blood  and  urine,  Addis 
and  Watanabe's  (14)  modification  of  Marshall's  method  was 
employed. 

Blood  was  drawn  from  the  ear  vein  at  9  a.m.  before  giving 
urea  and  then  hourly  until  12  m.,  then  again  at  2  p.m.  Urine  was 
obtained  by  catheterization  hourly  from  9  a.m.  to  12  m.  and  again 
at  2  p.m.  At  9  a.m.  5  grams  urea  in  25  cc.  of  water  were  given  by 
stomach  tube.  This  procedure  was  followed  in  both  periods  of 
the  investigation,  that  is,  before  and  after  the  injection  of  ar- 
senious acid.  DupUcate  results  obtained  from  each  rabbit  were 
compared.  After  the  estimations  were  completed,  the  animals 
were  killed  and  the  kidney  prepared  for  histological  examination. 

The  quantity  of  urea  in  the  blood  of  normal  rabbits  varied 
from  24  mgm.  to  61  mgm.  in  100  cc.  of  blood  and  after  the  injec- 
tion of  arsenious  acid  there  was  a  variation  from  23  mgm.  to  78 
mgm.  in  100  cc.  of  blood  in  the  16  rabbits  used.  After  giving  5 
grams  urea  to  normal  rabbits  there  is  a  sudden  and  enormous 
increase  of  urea  as  shown  in  table  1. 

The  increase  in  excretion  of  urea  is  roughly  parallel  to  the 
increase  of  urea  in  the  blood  after  giving  urea.  This  is  in  har- 
mony with  human  experiments,  in  which  urea  was  given  by 
mouth  (14).  The  ratio  of  the  rate  of  excretion  of  urea  to  the  urea 
content  in  the  blood  was  estimated  for  each  home's  collection  of 
urine.  The  average  urea  content  of  the  blood  was  estimated  from 
the  samples  drawn  before  and  after  the  hourly  sample  of  urine. 
This  method  is  much  more  accurate  than  taking  samples  in  the 
middle  of  the  urine  collection.  The  ratio  of  the  rate  of  excretion  of 
urea  to  the  urea  content  in  the  blood  was  increased  gradually  in 
most  cases,  showing  that  the  excretion  is  not  strictly  parallel  to  the 
concentration  in  the  blood.    If  we  compare  the  average  ratio  of 
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TABLE  1 
The  effect  of  the  intake  of  5  grams  of  urea  on  the  ratio  between  the  rate  of  urea  excretion 
and  the  concentration  of  urea  in  the  blood  before  and  after  the  administration  of 
arsenious  acid  in  rabbits 


RATIO    OF 

RABBIT 
KUMBER 

WEIGHT 

time 

AMOUNT  OP 
UREA   IN 

100  CC. 
OP   BLOOD 

AMOUNT   OF 

UREA   IN 

URINE 

VOLUME 
OF  URINE 

UREA 

UREA  IN 

ONE   hour's 

URINE 

AVERAGE 

RATIO   OP   UREA 

IN  SECOND, 

THIRD 

(grams) 

UREA  IN    100 

AND   FOURTH 
SPECIMEN 

ARSENI- 
OUS    ACID 

OP   BLOOD 

(milli- 
grams) 

3. 
M 

1 

•< 

u 

o 

1 

1 

< 

9 

5 

o 

1 
< 

<0 

< 

1 

s 
< 

. 

grams 

grams 

grams 

grams 

CC. 

CC. 

grams 

grams 

2 

1700    = 

10 

9  a.m. -10  a.m. 

0.103 

0.138 

0.098 

0.138 

4.5 

9.5 

0.95 

1.00 

lOa.m.-U  a.m. 

0.189 

0.244 

0.315 

0.288 

15.0 

15.0 

1.67 

1.19 

lla.m.-12n. 

0.217 

0.286 

0.555 

0.345 

16.0 

16.0 

2.56 

1.22 

12  n.    -  2  p.m. 

0.211 

0.308 

1.032 

0.750 

30.5 

28.5 

2.44 

1.22 

2.22 

1.21 

14 

1576    = 
10 

9  a.m.-lO  a.m. 

0.125 

0.091 

0.270 

0.054 

10.0 

2.5 

2.16 

0.60 

lOa.m.-ll  a.m. 

0.223 

0.134 

0.438 

0.141 

15.0 

6.0 

1.97 

1.05 

lla.m.-12n. 

0.263 

0.183 

0.624 

0.354 

15.5 

11.0 

2.37 

1.93 

12  n.      -2  p.m. 

0.243 

0.240 

1.254 

1.128 

24.5 

30.0 

2.56 

2.35 

2.30 

1.78 

1 

1700    ^ 

5 

9  a.m. -10  a.m. 

0.090 

0.144 

0.029 

0.132 

3.0 

7.5 

0.32 

0.92 

lOa.m.-ll  a.m. 

0.151 

0.160 

0.088 

0.130 

5.0 

5.0 

0.58 

0.81 

lla.m.-12n. 

0.176 

0.170 

0.129 

0.216 

5.0 

7.0 

0.69 

1.27 

12  n.     -  2  p.m. 

0.200 

0.180 

0.462 

0.738 

17.0 

22.0 

1.16 

2.05 

0.81 

1.38 

4 

1450    < 

5 

9a.m.-10a.m. 

0.162 

0.213 

0.173 

0.207 

7.5 

9.5 

1.06 

0.97 

10  a.m. -11  a.m. 

0.307 

0.341 

0.483 

0.273 

18.0 

11.0 

1.57 

0.80 

lla.m.-12n. 

0.316 

0.330 

0.672 

0.345 

25.0 

11.5 

2.13 

1.05 

12  n.     -  2  p.m. 

0.276 

0.325 

1.074 

1.002 

32.0 

30.0 

1.95 

1.54 

1.88 

1.13 

5 

1650    ^ 

4 

9  a.m. -10  a.m. 

0.093 

0.105 

0.095 

0.037 

5.0 

2.0 

1.02 

0.36 

10  a.m. -11  a.m. 

0.152 

0.174 

0.297 

0.294 

15.0 

9.0 

1.95 

1.69 

lla.m.-12n. 

0.181 

0.204 

0.381 

0.420 

15.0 

12.5 

2.11 

2.06 

12  n.     -  2  p.m. 

0.192  0.235 

0.702 

1.176 

21.5 

33.0 

1.82 

2.50 

1.96 

1.91 

7 
1600    <^ 
3.5 

9  a.m. -10  a.m. 

0.098  0.145 

0.101 

0.264 

5.0 

11.0 

1.03 

1.82 

lOa.m.-ll  a.m. 

0.1710.234 

0.138 

0.561 

4.5 

18.0 

0.80 

2.40 

11  a.m. -12  n. 

0.176  0.233 

0.174 

0.738 

5.0 

20.0 

0.99 

3.10 

12n.     -  2p.m. 

0.1900.268 

0.708 

1.200 

18.0 

27.0 

1.87 

2.20 

1.22 

2.57 

8 

1750    \ 

3 

9  a.m. -10  a.m. 

0.1080.117 

0.228 

0.099 

6.5 

6.0 

2.10 

0.85 

lOa.m.-ll  a.m. 

0.184  0.201 

0.336 

0.327 

9.5 

10.0 

1.83 

1.63 

lla.m.-12n. 

0.201 

0.218  0.378  0.336 

9.5 

11.0 

1.83 

1.61 

12  n.     -  2  p.m. 

0.208 

0.227  0.9480.870 

45.5 

30.0 

2.28 

1.92 

1.98 

1.72 
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TABLE  1— Continued 


RABBIT 
NUllBER 

WEIOHT 

TIME 

AMOUNT  OF 

UREA   IN 

100  CC. 

AMOUNT  OF 

UREA   IN 

URINE 

VOLUME 
OF  URINE 

RATIO  or 

UREA 

UREA  IN 

ONE    hour's 

URINE 

AVBRAOB 

RATIO  OF  URE.I 

IN   SECOND, 

THIRD 

(grams) 

AR8ENI- 
OUS     ACID 

(milu- 

GRAMS) 

OF   BLOOD 

UREA  IN  100 

CC. 

OF  BLOOD 

AND    FOURTH 
SPECIMEN 

PQ 

< 

PQ 

hi 

< 

2 

o 

1 

< 

1 

P3 

1 
< 

1 

1 

grams 

grams 

grams 

grams 

CC. 

CC. 

grams 

grams 

9 

1850   \ 

2 

9a.m.-10a.m. 

0.112 

0.088 

0.201 

0.174 

8.0 

6.0 

1.80 

1.98 

lOa.m.-ll  a.m. 

0.194 

0.162 

0.393 

0.348 

22.0 

14.5 

2.02 

2.14 

lla.m.-12n. 

0.218 

0.193 

0.504 

0.528 

18.0 

21.0 

2.32 

2.74 

12  n.     -  2  p.m. 

0.228 

0.197 

1.044 

1.152 

22.0 

41.0 

2.29 

2.92 

2.21 

2.62 

10 

2000   i 

2 

9a.m.-10a.m. 

0.114 

0.110 

0.102 

0.159 

6.0 

8.0 

0.90 

1.45 

lOa.m.-ll  a.m. 

0.197 

0.192 

0.312 

0.345 

15.5 

13.5 

1.60 

1.80 

lla.m.-12n. 

0.219 

0.191 

0.318 

0.540 

9.5 

17.0 

1.45 

2.84 

12  n.     -  2p.m. 

0.223 

0.196 

0.948 

1.200 

21.0 

28.0 

2.08 

3.06 

1.71 

2.57 

11 
i7nn   ^ 

r 

Qa.m.-lOa.m. 

0.080 

0.118 

0.140 

0.162 

5.0 

7.0 

1.76 

1.38 

lOa.m.-ll  a.m. 

0.155 

0.226 

0.315 

0.452 

8.5 

12.0 

2.04 

2.00 

XiXJU      \ 

1 

11  a.m.-12  n. 

0.188 

0.238 

0.381 

0.471 

12.0 

12.0 

2.02 

1.98 

12  n.     -2   p.m. 

0.191 

0.242 

0.924 

1.046 

22.0 

25.5 

2.38 

2.16 

2.15 

2.05 

12 

1900    ] 

1 

9a.m.-10a.m. 

0.115 

0.139 

0.093 

0.162 

3.5 

5.0 

0.81 

1.16 

10  a.m. -11  a.m. 

0.208 

0.225 

0.321 

0.435 

10.0 

13.0 

1.55 

1.93 

lla.m.-12n. 

0.251 

0.224 

0.456 

0.480ll3.5 

13.5 

1.82 

2.15 

12  n.     -  2  p.m. 

0.253 

0.212 

1.092 

0.798 

26.5 

20.0 

2.16 

1.82 

1.84 

1.95 

13 

1655 

0.5 

• 

9a.m.-10a.m. 

0.124 

0.089 

0.174 

0.102 

9.0 

8.0 

1.41 

1.15 

lOa.m.-ll  a.m. 

0.214 

0.173 

0.294 

0.081 

10.0 

4.0 

1.38 

0.47 

lla.m.-12n. 

0.245 

0.209!0. 390  0.147 

13.0 

6.^5 

1.59 

0.71 

i 

12  n.     -  2  p.m. 

0.240 

0.225|l.  002^0. 348j28.0 

10.5 

2  08 

0.77 

1.68 

0.65 

the  second,  third  and  third  and  fifth  hour  before  and  after  the 
injection  of  arsenious  acid  in  rabbits  2  and  14  which  were  given 
10  mgm.  of  the  drug,  there  was  a  decrease  in  both  cases  and  when 
less  then  5  mgm.  was  injected  there  was  an  increase,  except  in 
rabbits  4  and  13  which  two  rabbits  showed  a  decrease,  especially 
rabbit  13,  which  was  given  the  smallest  dose.  Rabbit  13  had  a 
diarrhoea  after  the  injection  of  arsenious  acid,  and  one  may  in- 
terpret the  lack  of  greater  increase  of  the  urea  in  the  blood 
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after  arsenic  injection  over  the  increase  in  the  blood  after  urea 
administration  in  normal  animals,  by  the  loss  in  the  feces.  Rab- 
bit 4  which  was  administered  5  mgm.  of  arsenious  acid  showed 
a  diminished  ratio;  there  was  a  shght  trace  of  albumin  in  the 
urine  which  was,  however,  more  marked  than  in  other  cases 
where  the  drug  was  administered.  One  may  judge  that  this 
dose  of  the  drug  might  cause  relatively  severe  anatomical 
damage  to  the  terminal  portion  of  the  proximal  convoluted 
tubules  and  thus  diminish  the  excretion  more  than  in  other 
cases  where  the  same  dose  was  given,  although  histological  ex- 
amination failed  to  elicit  any  marked  changes.  It  will  be  noted 
that  the  ratio  generally  increased  after  the  injection  of  5  mgm. 
or  less  in  comparison  with  the  first  estimation.  It  is  evident  from 
this  that  the  injection  of  small  doses  of  arsenious  acid  stimulate 
the  kidney  to  secrete  more  urea  than  normal. 

A  comparison  of  the  volume  of  urine  in  the  first  five  hours  of 
periods  1  and  2,  show  little  actual  change  except  rabbit  13  which 
decreased  markedly. 

TABLE  2 

The  effect  of  the  intake  of  5  grams  urea  on  the  excretion  of  urea  and  water  before  and 
after  the  administration  of  arsenious  acid  in  rabbits 


RABBIT  NUMBER 

THE  AMOUNT  OF  UREA  EXCRETED  FIVE 

HOURS  AFTER  THE  ADMINISTRATION 

OF  UREA,  AND  UREA  AND  ARSENIOUS 

ACID  RESPECTIVELY 

THE  AMOUNT  OF  URINE  EXCRETED  FIVE 

HOURS  AFTER  THE  ADMINISTRATION 

OF  UREA,  AND  UREA  AND  ARSENIOUS 

ACID  RESPECTIVELY 

Only  urea 

Urea  and  arsenious 
acid 

Only  urea 

Urea  and  arsenious 
acid 

2 

14 

1 

4 

5 

7 

8 

9 

10 

11 

12 

13 

grams 

2.00 
2.60 
0.71 
2.40 
1.47 
1.12 
1.88 
2.14 
1.68 
1.76 
1.96 
1.86 

grams 

1.52 
1.68 
1.21 
1.83 
1.93 
2.76 
1.62 
2.20 
2.24 
2.13 
1.88 
0.69 

cc. 
66 
65 
30 
83 
57 
33 
46 
70 
51 
48 
54 
60 

cc. 

69 

50 

42 

62 

57 

66 

57 

83 

67 

57  . 

52 

29 
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Histological  examination  showed  no  pronounced  degeneration 
or  necrosis  in  the  epithelial  cells  of  the  tubules.  This  is  distinctly 
different  from  the  uranium  type  of  nephritis  which  acts  especially 
on  the  tubular  epitheUum. 

THE   PATHOLOGICAL   REPORT    ON   ARSENIC    RABBITS 

The  preparations  of  all  the  rabbits  showed  very  much  the  same 
type  of  lesion  and  for  this  reason  a  detailed  description  is  given  for 
the  typical  appearance  noted  and  brief  mention  made  of  the 
individual  animals. 

The  most  striking  thing  noted  is  the  almost  entire  lack  of  severe 
epithelial  damage.  In  none  of  the  sections,  even  from  those  ani- 
mals which  had  received  large  doses  (10  mgm.)  was  any  severe 
epithelial  change  seen.  In  practically  aU  the  specimens,  however, 
there  was  seen  varying  degrees  of  granular  degeneration  in  the 
epithelium.  In  none  was  it  very  pronounced,  never  approaching 
for  example  that  seen  in  human  kidneys  and  described  as 
"cloudy  swelling."  This  slight  epitheUal  degeneration  did  not 
seem  to  be  limited  to  any  particular  division  of  the  proximal 
convoluted  tubule.  The  ascending  limbs  of  Henle's  loop,  the 
second  convoluted  tubule  and  the  collecting  tubules  were  normal. 

The  vascular  lesions  observed  were  slight,  consisting  of  con- 
gestion. No  definite  hemorrhages  were  seen  in  any  animals. 
The  glomeruh  showed  pyknosis  of  their  epithelial  nuclei,  and  often 
the  capsular  space  contained  granular  material. 

Casts  were  found  in  practically  all  the  tubules.  They  were  of 
two  kinds,  granular,  present  in  the  proximal  convoluted  tubules 
and  in  the  ascending  limbs  of  Henle's  loop  and  hyaline  in  the 
collecting  tubules. 

Rabbit  1.  Very  marked  granular  degeneration  of  epithelium.  No 
vascular  lesions.     No  casts.     5  mgm.  of  arsenious  acid  injected. 

Rabbit  2.  Marked  congestion  of  glomeruli  and  vasa  recta.  Epithelium 
shows  a  slight  granular  degeneration.  Few  hyaline  casts  in  collecting 
tubules.    10  mgm.  of  arsenious  acid  injected. 

Rabbit  3.  Moderate  granular  degeneration  of  cytoplasm  of  epithelium . 
No  congestion.     Few  hyaline  casts.     Spontaneous  nephritis  present.    15 
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mgm.  of  arsenious  acid  injected.  Died  in  convulsion  one  hour  after 
injection. 

Rabbit  4-  Very  slight  epithelial  degeneration.  No  vascular  lesions. 
5  mgm.  of  arsenious  acid  injected. 

Rabbit  5.  Same  as  rabbit  4.  Shght  spontaneous  nephritis.  4  mgm. 
of  arsenious  acid  injected. 

Rabbit  6.  Marked  granular  degeneration  of  epithelium.  Lumina  of 
proximal  convoluted  tubules  contain  much  granular  detritus.  No  vas- 
cular lesions.     4  mgm.  of  arsenious  acid  injected. 

Rabbit  7.  Moderate  granular  degeneration  of  epithelium.  No  vas- 
cular lesions.     3.5  mgm.  of  arsenious  acid  injected. 

Rabbit  8.  Moderate  granular  degeneration  of  epithelium.  No  casts, 
hemorrhage  or  congestion.     3  mgm.  of  arsenious  acid  injected. 

Rabbit  9.  Granular  degeneration  of  epithelium  marked.  No  vascular 
lesions  or  casts.     2  mgm.  of  arsenious  acid  was  injected. 

Rabbit  10.  Same  as  rabbit  9.     2  mgm.  of  arsenious  acid  injected. 

Rabbit  11.  Marked  granular  degeneration  of  epithelium.  Some 
granular  material  in  capsular  space  of  glomerulus.  No  casts.  1  mgm. 
of  arsenious  acid  injected. 

Rabbit  12.  Marked  granular  degeneration.  No  vascular  lesions  or 
casts.     1  mgm.  of  arsenious  acid  injected. 

Before  the  injection  rabbit  5  had  albuminuria  and  glycosuria 
and  rabbit  6  had  a  severe  glycosuria.  There  was  a  slight  trace 
of  albumin  present  in  the  urine  of  rabbit  7  before  the  experiment. 
After  giving  arsenious  acid  the  urine  was  tested  daily  for  albumin 
up  to  the  fourth  experimental  day.  There  was  a  very  slight  trace 
of  albumin  in  rabbits  2,  4  and  6,  on  and  after  the  second  day. 

Throughout  the  above  investigation,  the  excretion  of  urea 
from  the  kidney  in  incipient  glomerulonephritis,  produced  by  the 
injection  of  arsenious  acid,  does  not  change  markedly  from  normal 
conditions  in  the  same  rabbit,  although  there  is  an  increase  in 
most  cases  where  5  mgm.  or  less  were  injected. 

Rabbits  showed  a  decreased  excretion  of  urea  when  10  mgm. 
of  arsenious  acid  were  injected. 

CONCLUSIONS 

In  experimental  incipient  glomerulonephritis  caused  by  the 
administration  of  small  doses  of  arsenious  acid,   there  is  no 
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diminution  in  the  ability  of  the  kidney  to  excrete  urea,  even  if  a 
strain  is  caused  by  giving  preformed  urea. 

The  ratio  of  the  excretion  of  urea  in  the  urine  to  the  concen- 
tration of  urea  in  the  blood  is  rather  increased  when  small  doses 
of  arsenious  acid  are  administered.  We  may  thus  conclude  that 
after  arsenic  injection  the  kidney  is  in  a  state  of  hypersensitive- 
ness  and  does  not  show  a  state  of  fatigue. 

The  author  acknowledges  his  indebtedness  to  Dr.  J.  Oliver  of 
The  Rockefeller  Institute,  for  the  examiantion  of  pathological 
specin^ens  and  for  the  writing  of  the  report,  and  also  to  Prof.  V.  C. 
Myers,  for  allowing  this  work  to  be  carried  on  in  his  laboratory. 
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A  NEW  OPERATION  FOR  EPISPADIAS 

HUGH  HAMPTON  YOUNG 

James  Buchanan  Brady  Urological  Institute,  Baltimore,  Maryland 

The  great  amount  of  literature  which  is  found  concerning  the 
operative  treatment  of  both  hypospadias  and  epispadias  is  elo- 
quent proof  of  the  unsatisfactory  results  which  have  been  usually 
obtained.   This  has  been  particularly  true  of  epispadias. 

In  1895,  ^antwell  presented  a  method  for  the  operative  treat- 
ment of  epispadias  by  transplantation  of  the  urethra  to  its  nor- 
mal position  between  and  below  the  corpora,  and  forming  ''a 
penis  normal  in  the  relation  of  its  component  parts  and  normal  in 
appearance."  CantwelFs  procedure  was  to  build  a  urethral  tube 
from  the  gutter-like  groove  on  the  dorsum  of  the  penis,  by  bring- 
ing together  the  inner  edges  formed  by  two  longitudinal  incisions 
on  either  side  of  the  groove.  This  newly-formed  urethra  was  then 
dissected  entirely  free,  and  was  dependent  for  its  blood  supply 
upon  a  very  narrow  pedicle  at  the  base.  He  says,  "a  flap  is 
formed  of  the  whole  urethra,"  and  the  latter  is  "held  up  out  of 
the  way  while  the  cavernous  bodies  are  separated  either  by  Ught 
touches  of  the  knife  or  by  blunt  dissection.  The  urethral  flap  is 
then  laid  in  the  gutter  thus  formed,  and  held  in  position  by  two 
sutures  through  mucous  membrane  and  skin  tied  gn  under  sur- 
face of  the  penis." 

Without  knowledge  of  the  previous  work  which  had  been  done, 
I  performed,  on  November  3,  1913,  a  plastic  operation  which  is 
somewhat  similar  though  essentially  different  from  Cantwell's 
operation  described  above.  The  technique  which  I  employed  is 
so  graphically  shown  in  the  accompanying  illustrations,  that  very 
Uttle  description  is  necessary.  The  conditions  present  before 
operation  are  shown  in  figure  1,  the  cross-section  indicating  the 
anatomical  relations  of  the  corpora  cavernosa  and  the  roofless 
urethra,  and  showing  the  groove  along  the  dorsum  of  the  penis, 
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extending  from  the  urethral  opening  at  the  base  of  the  penis  to 
the  glans.  As  seen  in  the  accompanying  diagranmiatic  cross-sec- 
tions, it  was  evident  at  once  that  in  order  to  restore  the  urethra 
to  its  normal  position  on  the  inferior  surface  of  the  penis  beneath 
the  corpora  cavernosa,  a  procedure  involving  the  separation  of 
the  corpora  with  transplantation  of  the  new  urethra  would  be  nec- 
essary. In  so  doing  it  was  also  evident  that  the  most  important 
thing  was  to  preserve  the  blood  supply  of  the  skin  transplant, 
and  I  accordingly  decided  to  leave  this  attached  by  a  broad  con- 
nection along  its  entire  length  to  the  left  corpus  cavernosum,  and 
rotate  this  structure  with  the  new  urethra  so  as  to  displace  the  lat- 
ter to  its  new  position  beneath  the  corpora.  The  transplantation 
was  thus  accomplished  without  serious  interference  with  blood 
supply.  This  is  graphically  shown  in  figures  3,  4  and  5.,  As  noted 
in  figure  3,  the  corpora  cavernosa  have  been  well  separated,  so  that 
they  are  held  together  only  by  the  skin  on  the  under  surface  of 
the  penis.  A  very  deep  groove,  to  be  occupied  by  the  urethra,  is 
thus  produced.  The  left  corpus  has  been  sufficiently  mobilized 
to  allow  it  to  be  rotated,  carrying  with  it  the  urethral  graft. 
Figure  4  shows  the  formation  of  the  new  urethra  from  the  skin 
of  the  dorsum  of  the  penis,  and  also  the  attachment  of  the  urethra 
to  the  left  corpus.  To  close  over  the  roof  of  the  urethra  a  contin- 
uous chromic  catgut  suture  is  used.  Figure  5  shows  how  the 
newly  formed  urethra  is  shifted  to  its  new  position  beneath  the 
corpora  cavernosa  simply  by  the  bringing  together  of  the  two 
corpora  above  it,  using  interrupted  sutures  of  chromic  cat  gut. 
The  operation  is  then  completed  (fig.  6)  by  a  dorsal  line  of  sutures 
bringing  together  the  two  halves  of  the  glans,  and  approximating 
the  skin  edges  along  the  dorsum  of  the  penis.  A  careful  study  of 
the  semi-diagrammatic  sectional  views  will  give  a  clearer  under- 
standing of  the  various  steps  of  the  procedure  and  of  the  relation 
of  parts  than  can  be  conveyed  by  any  description.  In  order  to 
divert  the  flow  of  urine,  a  perineal  urethrotomy  was  done  before 
the  plastic  operation  was  begun,  and  a  retention  catheter  inserted. 
Perineal  drainage  was  maintained  for  ten  days. 

The  operation  has  now  been  done  in  two  cases;  the  first  I  per- 
formed in  November,  1913,  upon  a  boy  of  seven,  and  the  second 
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was  done  by  E.  G.  Davis  in  October,  1917,  upon  a  man  of  twenty- 
five.  Neither  operation  differed  essentially  from  the  above- 
described  technique,  excepting  that  in  the  second  case  the  pro- 
cedure was  handicapped  by  scar  tissue,  the  result  of  two  pre\'ious 
operative  attempts.  In  each  of  these  two  cases  the  result  was 
splendid,  the  patient  obtaining  a  urethra  situated  normally 
below  the  corpora,  and  with  a  meatus  normally  located  on  the 
glans.  The  patients  voided  normally  with  a  good  stream  from  the 
end  of  the  penis,  and  had  complete  continence. 

This  procedure  is  remarkably  simple  and  wonderfully  satis- 
factory, and  has  the  great  merit  of  practically  restoring  the 
urethra  to  its  normal  location,  and  producing  an  almost  normal 
external  meatus.  Although  I  was  ignorant  of  Cantwell's  work,  the 
idea  of  transplantation  of  the  new  urethra  is  similar  to  his;  but 
the  plan  of  leaving  the  skin  for  the  new  urethra  attached  to  one 
corpus  cavemosum  in  order  to  secure  adequate  blood  supply,  and 
then  rotating  this  structure,  is  quite  original,  and  in  fact  the  most 
important  part  of  the  procedure.  Thus,  a  successful  operation  is 
practically  assured  by  the  removal  of  the  one  great  defect 
which  has  been  found  to  occur  after  Cantwell's  operation,  namely, 
death  or  atrophy  of  the  skin  transplant  due  to  imperfect  blood 
supply.  Regardless  of  this,  however,  it  is  only  fair  to  state  that 
Cantwell  cites  two  cases  in  which  the  results  obtained  were  good, 
and  in  a  discussion  in  the  surgical  section  of  the  American  Medi- 
cal Association,  following  a  paper  by  BuUitt,  I  find  that  Martin, 
Parham  and  Fenner  reported  satisfactory  cases  with  Cantwell's 
method.  Bullitt  described  a  modification  in  which  a  longer  urethra 
was  obtained  by  utilizing  the  foreskin  to  form  the  distal  portion, 
the  remainder  being  furnished  by  Cantwell's  technique. 

My  technique,  which  (although  unconsciously  similar)  must  be 
considered  a  modification  of  Cantwell's  operation,  furnishes,  I 
think,  a  more  surgical  procedure,  and  one  more  likely  to  succeed 
owing  to  the  better  vascularity  of  the  transplanted  new  urethra 
of  dorsal  skin. 
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PLATE  1 
Fig.  1.  Condition  Before  Operation 

The  only  evidence  of  a  pendulous  urethra  is  a  groove  on  the  dorsum  of  the  penis, 
lined  by  urethral  mucosa  which  is  sharply  demarcated  from  the  skin  covering  the 
remainder  of  the  penis.    Cross  section  shows  relation  of  groove  to  corpora. 
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PLATE  2 
Fig.  2.  Skin  Incision 

The  penis  is  held  in  position  by  two  sutures  placed  in  glans  (G).  As  indicated 
by  the  black  line  in  the  diagrammatic  cross  section,  the  incision  on  the  left 
side  goes  only  through  the  skin  and  down  to  the  corpus,  while,  on  the  right,  the 
dissection  is  carried  down  between  the  corpora  until  the  skin  of  the  under  surface 
of  the  penis  is  reached. 
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PLATE  2 
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PLATE  3 
Fig.  3.  The  Separation  of  the  Two  Corpora  has  been  Completed 

The  skin  edge  is  being  retracted  to  the  right  and  the  edge  of  the  new  urethra  to 
the  left,  exposing  the  right  corpus  (C)  and  exposing  also  the  space  between  the 
two  corpora,  the  floor  of  which  is  formed  by  the  inner  surface  of  the  skin  of  the 
under  surface  of  the  penis.   The  relations  are  clearly  indicated  in  the  cross  section. 
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PLATE  3 
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PLATE  4 

Fig.  4.  The  New  Urethra  is  Being  Formed  by  a  Continuous  Suture,  Bring- 
ing Together,  Over  a  Catheter  (Ca),  the  Edges  Produced  by  the  Original 
Incision,  and  Converting  the  Original  Groove  into  a  Tube 

The  attachment  of  the  urethral  tube  to  the  left  corpus  may  be  distinctly  seen 
both  in  surface  view  and  cross  section. 
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PLATE  4 
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PLATE  5 

Fig.  0.  The  Right  Corpus  (C)  Has  Been  Rotated,  Carrying  the  Urethra 
Down  to  its  Xew  Position  Below  and  Between  the  Two  Corpora 

The  latter  are  being  sutured  with  interrupted  sutures  of  chromic  cat  gut.  The 
unfinished  suture-line  above  permits  a  view  of  the  underlying  newly  formed 
urethra. 
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PLATE  5 
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PLATE  t> 
Fig.  6.  The  Operation  Completed 

The  two  outer  edges  of  the  original  incision  were  easily  brought  together  in  the 
midline  making  a  penis  and  glans  almost  normal  in  appearance. 
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A    FLEXIBLE    METALLIC    URETERAL   SOUND    WITH 
FILIFORM  GUIDE 

H.   W.   E.  WALTHER 
New  Orleans 

The  interest  shown  of  late  by  urologists  in  studying  more 
assiduously  the  pathological  conditions  of  the  ureter  has  brought 
to  light  many  points  of  interest  concerning  this  most  important 
structure.  Aside  from  the  question  of  ureteral  calculus,  it  has  been 
the  common  conception  that  the  ureter  remained  singularly  free 
from  any  intrinsic  pathological  processes,  at  least  their  occurrence 
was  considered  relatively  infrequent.  Recent  investigations 
however,  particularly  as  regards  the  prevalence  of  ureteritis  and 
ureteral  stricture,  have  shown  beyond  a  doubt,  that  the  ureter  is 
the  seat  of  trouble  much  more  frequently  than  was  once  supposed 
and  that  we  will  have  to  revise  our  texts  on  this  subject. 

Those  who  have  done  any  amount  of  ureteral  catheterization 
and  sounding  have  encountered  cases  in  which  it  was  found  im- 
possible to  introduce  ordinary  sized  ureteral  catheters  into  the 
ureter  as  far  up  as  the  renal  pelvis.  Catheters  might  possibly 
enter  the  ureter  for  a  few  centimeters  but  then  some  definite 
obstruction  would  be  met  with  which  no  amount  of  manipulation 
would  overcome.  That  some  of  these  cases  were  correctly  diag- 
nosed as  ureteral  kinks,  no  one  will  question;  but  that  the  major- 
ity of  them  were  of  this  character,  is  certainly  open  to  discussion. 
Before  the  day  of  the  x-ray,  the  opaque  catheter  and  thorium 
solution,  these  mistakes  were  permissible,  but  today  with  these 
valuable  aids  at  our  command,  errors  in  diagnosis  of  ureteral  con- 
ditions should  be  the  exception,  not  the  rule. 

The  ingenious  instruments  that  have  been  introduced  by  urol- 
ogists during  the  past  few  years,  for  the  detection  and  correction 
of  ureteral  obstructions,  are  numerous.  The  graduated  catheter 
of  Garceau,  the  high  frequency  oUves  of  Buerger,  the  electric 
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filiform  of  Geraghty  and  the  two-  and  four-bladed  dilators  of 
of  Bransford  Lewis  have  been  among  those  most  popular.  All  of 
these  instruments  are  employed  through  the  operating  cysto- 
scope  which  accommodates  instruments  up  to  the  size  of  No.  11 
of  the  Charriere  scale. 

Where  one  is  dealing  with  an  obstruction  of  a  type  which  per- 
mits introduction  of  such  instruments  as  these,  success  will 
usually  crown  the  efforts  at  dilatation.  Where  the  operator  meets 
with  failure  however,  as  is  apt  to  occur  when  dealing  with  ureteral 
strictures  of  small  caliber,  a  fine-pointed  filliform  will  be  required 
to  achieve  the  desired  result.  Yet  where  the  filiform  alone  is 
passed,  little  dilatation  will  result.    For  this  reason  the  writer 


Fig.   1.    View  of  Flexible  Metallic  Ureteral  Sound  with  Filiform  Guide 

interested  himself  in  this  subject  particularly,  with  the  aim  of 
assisting  the  cystoscopist  to  more  readily  overcome  difficult 
ureteral  obstructions.  The  efforts  have  been  partially  successful. 
Adopting  the  principle  which  Le  Fort  introduced  in  his  flexible 
silk  fififorms  with  metal  sound  followers,  the  two  being  joined  by 
a  screw-thread  connection,  the  writer  had  constructed  a  flexible 
metallic  ureteral  sound,  the  length  of  a  ureteral  catheter,  with  a 
semi-olivary  tip  of  the  size  1 1  Charriere,  the  extremity  of  the  tip 
being  a  screw-threaded  projection  to  join  on  to  any  ordinary  Le 
Fort  filiform  guide.  The  shaft  of  this  ureteral  sound  being  flex- 
ible, has  all  the  resiliency  of  any  catheter  or  other  instrument, 
constructed  for  use  through  an  operating  cystoscope,  with  the 
added  advantage  that  it  possesses  infinitely  more  rigidity  than  a 
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silk  instrument.  Two  lengths  of  filiforms  are  desirable.  A  long 
one  to  be  used  when  dilatation  is  to  be  produced  near  the  bladder 
and  a  shorter  one  to  be  employed  when  the  dilating  oUve  must  be 
passed  far  up  the  ureter  near  the  kidney.  It  should  be  stated  in 
passing  that  no  trauma  to  the  kidney  pelvis  has  ever  been  evi- 
denced by  the  writer  while  using  these  fiUforms  in  this  manner. 
As  the  obstruction  point  is  usually  at  the  uretero- vesical  juncture 
or  just  above  this  portion  of  the  ureter,  it  will  not  necessitate 
introducing  the  filiform  so  far  up  as  to  curl  in  the  renal  pelvis. 


Fig.  2.     Sagittal  View  op  Termin'.\x  End  of  Flexible  Metallic  Ureteral 
»    Sound  Showing  Olivary  Tip  .\nd  Method  of  Connecting 
Same  to  the  Filiform  Guide 


Where  the  obstruction  is  near  the  kidney,  the  short  filiform  is 
used. 

The  technique  employed  in  passing  this  sound  is  simple.  With 
the  operating  cystoscope  in  a  water-distended  bladder,  having 
located  the  ureteral  orifice,  the  filiform  guide,  firmly  screwed  on 
to  the  flexible  sound,  is  fed  into  the  catheter  channel  of  the  cysto- 
scope. After  the  filiform  enters  the  bladder,  catheterization  is 
attempted  in  the  usual  way.  Naturally  the  finer  the  tip  of  the 
filiform,  the  more  readily  one  is  apt  to  get  through  the  ureteral 
stricture  or  other  obstruction.  The  writer  has  found  the  LeFort 
filiforms  much  firmer  in  consistency  than  the  usual  ureteral  fili- 
forms now  in  use.  By  manipulating  the  filiform  with  a  cork-screw 
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motion,  one  will  frequently  succeed  in  getting  through  even  the 
most  severe  type  of  stricture  when  passage  up  the  ureter  could 
not  be  accomplished  in  any  other  way.  Once  the  filiform  passes 
the  narrow  point,  the  instrument  can  then  be  pushed  up  the 
ureter  until  the  olivary  tip  engages  the  stricture,  dilating  it  to 
11  Charriere. 
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ACRIFLAVINE    IN    THE    TREATMENT    OF    GONOR- 
RHOEA—AN EXPERIMENTAL  AND 
CLINICAL  STUDY 

E.  G.  DAVIS  AND  B.  E.  HARRELL 

From  the  James  Buchanan  Brady  Urological  Institute,  the  Johns  Hopkins 
Hospital,  Baltimore,  Maryland 

Part  I 

BY   E.    G.    DAVIS 

During  the  course  of  an  investigation  of  the  properties  of  a 
large  number  of  compounds,  with  the  purpose  of  finding  a  drug 
suitable  for  use  as  an  internal  urinary  antiseptic  (Davis  (1), 
Davis  and  White  (2),  Davis,  White  and  Rosen  (3) ),  it  was  noted 
that  some  of  these  compounds  possessed  the  property  of  rapid 
diffusibility  through  the  tissues.  In  all,  more  than  two  hun- 
dred compounds  were  investigated,  many  of  which  were  tri- 
phenylmethanes,  but  most  of  which  were  synthetic  compounds 
related  to  sulphonphthaleins,  nearly  all  of  them  being  highly 
colored.  The  rate  of  renal  elimination  of  each  one  of  these  com- 
pounds was  determined  by  injection  into  the  ear  vein  of  rabbits, 
and  it  was  during  this  procedure  that  the  diffusibility  became 
apparent.  Most  of  the  compounds  remained  confined  to  the 
vein  into  which  injected,  and  passed  immediately  into  the  gen- 
eral circulation.  An  occasional  one,  however,  would  spread  rap- 
idly from  the  larger  vein  into  the  minute  capillaries,  and  within 
a  very  few  seconds  dye  the  entire  ear  a  homogeneous  color.  It 
was  very  surprising  to  observe  how  the  edge  of  this  wave  of 
color  would  rapidly  advance  (like  a  blush)  until  the  ear  w^as 
completely  dyed.  Of  the  entire  number  of  compounds  investi- 
gated, in  about  ten  this  phenomenon  was  observed,  these  ten 
exhibiting  varying  degrees  of  diffusibility.  As  suggested  by 
Dr.  J.  T.  Geraghty,  the  ideal  drug  to  be  used  as  an  injection  in 
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the  treatment  of  urethritis  should  possess  just  this  property; 
that  is,  rapid,  difftisibility  and  penetration  of  the  tissues. 

Concerning  the  antiseptic  properties  of  these  diffusible  drugs 
(as  has  been  pointed  out  in  the  above  mentioned  publication) , 
many  of  them  are  germicidal  in  high  dilution  in  water,  but  almost 
all  of  them  lose  this  property,  wholly  or  partially,  when  diluted 
in  urine.  Of  the  entire  number,  about  a  dozen  retained  their 
antiseptic  action  to  some  extent,  and,  of  these,  four  were  both 
antiseptic  and  diffusible,  and  hence  were  experimentally  indi- 
cated as  being  worthy  of  trial  in  the  treatment  of  gonorrhea. 
These  compounds  were  malachite  green,  brilliant  green,  profla- 
vine and  acriflavine,  of  which  the  last,  acriflavine,  was  found  to 
be  antiseptic  in  the  highest  dilution  of  them  all.  This  drug  was 
also  among  the  most  diffusible. 

BACTERIOLOGICAL   TECHNIQUE 

In  determining  the  antiseptic  and  germicidal  strength  of  these 
drugs  in  urine,  both  acid  and  alkaline  urines  were  used.  The 
necessity  for  this  has  been  pointed  out  in  previous  publications; 
and,  furthermore,  Shohl  and  Janney  (4)  have  shown  how  im- 
portant is  a  variation  in  the  reaction  of  urine  (used  as  a  culture 
medium)  in  influencing  the  rate  of  growth  of  the  colon  bacillus. 
It  was  therefore  desirable  to  devise  a  method  of  adjusting  the 
reaction  of  voided  urine  so  that,  from  day  to  day,  specimens  of 
both  acid  and  alkaline  urine  would  be  available,  each  of  a  con- 
stant hydrogen  ion  concentration.  The  object  was  not  only  to 
know  that  a  specimen  of  urine  used  for  antiseptic  tests  on  a 
certain  day  was  acid  or  alkaline,  but  also  to  know  the  exact 
degree  of  acidity  or  alkalinity,  as  measured  by  the  hydrogen 
ion  scale.  Henderson  and  Palmer  (5)  have  shown  that  the  hy- 
drogen ion  concentration  of  urine  is  normally  subject  to  a  con- 
siderable range  of  variation  (pa  4.8  to  Pa  7.4),  and  that  the 
average  of  this  range  is  Pa  6.0  on  the  hydrogen  ion  scale,  cor- 
responding to  0.000001  N  acid.  Each  sample  of  urine  to  be 
used  for  cultural  purposes  was  voided  by  a  normal  individual 
into  a  sterile  (second)  flask,  and  adjusted  to  the  desired  reaction 
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by  titration  with  tenth  normal  acid  or  alkaU,  the  end-points 
being  determined  by  the  colorimetric  method;  that  is,  by  compa- 
rison with  a  standard  hydrogen  ion  scale  made  up  with  solutions 
of  buffer  salts,  colored  by  the  sulphonphthalein  series  of  indi- 
cators. (See  publications  by  Clark  and  Lubs  (6),  and  Shohl 
and  Janney.)  The  end-points  arbitrarily  chosen  were  Pa  6.0> 
on  the  acid  side  (indicator,  dibromcresolsulphonphthalein)  and 

TABLE  1 
The  antiseptic  strength  of  acriflavine  in  urine 


COLON  BACILLUS 

8TAPHTLOCOCCU8  AUKEU8 

DILUTION  OF  DRUG  IN  UBIN* 

Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

200 

0 

0 

0 

0 

500 

0 

0 

0 

0 

1,000 

0 

0 

0 

0 

5,000 

0 

0 

0 

0 

7,500 

oo 

0 

0 

0 

10,000 

CO 

0 

0 

0 

,           1 

20,000 

00 

0 

0 

0 

30,000 

00 

0 

0 

0 

30,000 

00 

0 

0 

0 

50,000 

oo 

0 

0 

0;  .  ;  . 

75,000 

oo 

0 

0 

0    ; 

100,000  . 

00 

0 

? 

0 

200,000 

00 

0 

oo 

? 

Control  of  drug-free  urine 

00 

oo 

00 

00 

Phenol,  1:  1,00C 

,  in  urine 

00 

00 

oo 

oo    ;        . 

The  dilutions  were  inoculated  and  incubated  at  37°C.  for  twenty-four  hours, 
after  which  0.1  cc.  was  transferred  from  each  tube  to  melted  agar,  and  plated. 
Columns  indicate  number  of  colonies  in  plates. 

0  =  no  colonies;  =»  =  infinite  number  of  colonies;  ?  =  inconstancy  of  results, 
as  shown  by  experiment  repeated  several  times. 

Ph  8.0  on  the  alkaline  side  (indicator,  phenolsulphonphthalein). 
By  this  method  we  were  able  to  say-  with  certainty  that  the 
hydrogen  ion  concentration  of  specimens  of  acid  (pn  6.0)  urine 
and  of  alkaline  (pn  8.0)  urine,  used  for  antiseptic  tests,  did  not 
vary  from  day  to  day. 

Antiseptic  strength  in  urine.  Dilutions  were  made  in  sterile 
test  tubes  with  sterile  pipettes,  and  'each  dilution  inoculated 
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with  one  standard  loop  of  a  twenty-four  hour  broth  culture. 
Parallel  experiments  were  run,  using  the  colon  bacillus  with  one 
set  of  dilutions  and  the  staphylococcus  aureus  with  the  other. 
The  inoculated  dilutions  were  then  incubated  for  twenty-four 
hours,  after  which  0.1  cc.  of  urine  was  transferred  from  each 
tube  (with  a  sterile  capillary  pipette)  to  melted  agar,  and  plated. 
Plates  were  inspected  after  twenty-four  hours  and  again  after 
forty-eight  hours.  The  results  obtained  for  acriflavine  and 
proflavine  are  shown  in  tables  1  and  2.  '  Those  plates  showing 

TABLE  2 

The  antiseptic  strength  of  proflavine  in  urine 


COLON  BACILLUS 

STAPHYLOCOCCUS  AUREUS 

DILUTION  OF  DRUG  IN  URINE 

Acid  urine 
(Ph.  6-0) 

Alkaline 

urine 
(Ph.  8.0) 

Aoid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

200 

0 

0 

0 

0 

500 

0 

0 

0 

0 

1,000 

? 

0 

0 

0 

10,000 

00 

0 

0 

0 

20,000 

oo 

0 

0 

0 

30,000 

00 

0 

0 

0 

50,000 

CO 

? 

0 

1000 

Control  of  drug-frfie  urine     

00 

00 

CO 

oo 

Phenol,  1:  1,000 

in  urine  

00 

CO 

00 

oo 

The  dilutions  were  inoculated  and  incubated  at  37°C.  for  twenty-four  hours, 
after  which  0.1  cc.  was  transferred  from  each  tube  to  melted  agar,  and  plated. 
Columns  indicate  number  of  colonies  in  plates. 

0  =  no  colonies;  <»  =  infinite  number  of  colonies;  ?  =  inconstancy  of  results, 
as  shown  by  experiment  repeated  several  times. 

no  colonies,  or  very  few,  proved  that  there  had  been  inhibition 
of  development  during  the  incubation  period ;  while  those  showing 
countless  numbers  of  colonies  (designated  by  the  infinity  sign, 
00 )  proved  that  growth  had  taken  place. 

The  striking  feature  brought  out  by  these  tables  is  the  com- 
parative weakness  of  acriflavine  and  proflavine  in  inhibiting  the 
growth  of  the  colon  bacillus  in  acid  urine,  as  contrasted  with  the 
extremely  high  dilution  in  which  these  drugs  are  effective  against 
the  same  organism  in  alkaline  urine.  The  staphylococcus  au- 
reus, however,  is  inhibited  by  both   drugs  in  high  dilution  in 
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both  acid  and  alkaline  urine.  These  tables  are  not  based  on  only 
one  experiment.  The  entire  series  of  dilutions  of  both  drugs, 
using  urine  of  the  same  degree  of  acidity  and  alkalinity,  was 
repeated  several  times  on  different  occasions.  In  some  of  the 
higher  dilutions  (as  indicated  in  the  tables  by  a  question  mark) , 
there  was  an  inconstancy  of  results  demonstrated  by  this  repe- 
tition. For  instance,  the  effect  of  acriflavine,  in  a  dilution  of 
1 :  200,000,  upon  the  staphylococcus  aureus  in  alkaline  urine 
(Ph  8.0)  was  determined  four  times  on  four  different  occasions. 
Three  times  the  organism  was  killed,  and  once  there  was  a  pro- 
fuse growth.  It  cannot  be  said  what  variable  factor  played  a 
part  here,  unless  it  might  have  been  a  variation  in  the  specific 
gravity  of  the  urine.  It  is  certain,  however,  that  the  organism, 
the  temperature,  the  dilution,  and  the  hydrogen  ion  concentra- 
tion were  constant  factors.  Furthermore,  the  daily  control  of 
drug-free  urine,  both  acid  and  alkaUne,  invariably  showed  a 
profuse  growth.  Less  extreme  dilutions  exhibited  no  such  in- 
constancy. There  can  be  no  question  that  in  alkaUne  urine 
acriflavine  will  inhibit  the  development  of  both  the  colon  ba- 
cillus and  staphylococcus  aureus  in  a  dilution  of  1 :  100,000. 
In  acid  urine,  acriflavine  is  almost  as  effective  against  the 
staphylococcus,  but  will  not  inhibit  the  colon  bacillus  in  a 
dilution  much  greater  than  1 :  5000.  Even  this,  however,  is 
more  than  five  times  as  effective  as  carbolic  acid. 

Germicidal  strength  in  urine.  The  method  here  employed  was 
the  same  in  every  respect  as  that  for  the  antiseptic  test,  except 
that  the  inoculated  dilutions  were  incubated  for  only  one  hour 
instead  of  for  twentj^-four  hours.  One  hour  was  sunply  an 
arbitrarily  chosen  period  of  time.  Acriflavine  only  was  inves- 
tigated by  this  method.  As  shown  in  table  3,  a  1 :  10,000  dilu- 
tion failed  to  kill  either  the  colon  bacillus  or  the  staphylococcus 
aureus,  either  in  acid  or  alkaline  urine;  while  in  acid  urine  even 
a  1 :  500  dilution  failed  to  kill  the  colon  bacillus.  The  weakness 
of  acriflavine  against  the  colon  bacillus  in  acid  urine  is  therefore 
a  constant  feature  in  both  antiseptic  and  germicidal  tests. 
From  table  3  it  may  be  concluded  that  acriflavine  is  not  rap- 
idly germicidal;  its  value  lies  in  its  antiseptic  power. 
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Inhibition  of  gonococcus.  In  determining  the  concentration  of 
acriflavine  necessary  to  inhibit  the  gonococcus,  testicular  in- 
fusion agar,  prepared  according  to  the  method  described  by 
Hall  (7)  was  used.  For  this  media,  for  the  gonococcus  cultures, 
and  for  assistance  in  examining  sub-cultures  and  Gram  stains, 
we  are  indebted  to  Dr.  E.  A.  Greenspon,  of  the  Department  of 
Pathology,  Johns  Hopkins  Hospital.  Various  dilutions  of  acri- 
flavine, proflavine,  phenol,  argyrol,  and  protargol  were  made  in 
tubes  of  testicular  infusion  agar,  and  the  latter  slanted  and 
cooled.  The  method  was  to  make  up  the  testicular  infusion 
agar  in  tubes,  each  containing  4  cc,  and  to  add  to  each  (while 
melted)  1  cc.  of  sterile  water  containing  in  solution  the  neces- 


TABLE  3 
The  germicidal  strength  of  acriflavine  in  urine 

COLON  BACILLUS 

STAPHYLOCOCCUS  AUREUS 

Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

Dilution  which  kills  in  1  hour 

Dilution  which  fails  in  1  hour 

1:200 
1:500 

1 :  1,000 
1 :  10,000 

1:1,000 
1 :  10,000 

1:  1,000 
1 :  10,000 

sary  amount  of  the  drug  to  make  up  the  desired  dilution.  For 
instance,  to  make  5  cc.  of  agar  containing  acriflavine,  1 :  300,000, 
4  cc.  of  agar  plus  1  cc.  of  1 :  60,000  acriflavine  (in  water)  would 
be  required.  Controls  were  made  by  adding  1  cc.  of  sterile 
water  to  4  cc.  of  agar.  These  slant  agar  dilutions  were  then 
inoculated  from  a  pure  culture  of  gonococcus  (on  testicular-^ 
infusion  agar),  and  incubated. 

Table  4  shows  a  striking  difference  between  the  inhibitory 
strengths  exhibited  by  acriflavine  and  the  organic  silver  salts 
conomonly  used  in  the  treatment  of  gonorrhoea.  Even  proflavine 
is  incomparably  stronger  than  argyrol  and  protargol.  Acri- 
flavine, however,  inhibits  the  development  of  the  gonococcus  in 
the  extreme  dilution  of  1 :  300,000,  while  protargol  permits 
growth  even  when  as  concentrated  as  1 :  500.  In  considering 
the  low  potency  of  the  silver  salts,  it  must  be  remembered  that 
these  experiments  were  conducted  in  protein-containing  media, 
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but  it  is  under  just  these  conditions  that  a  drug  used  clinically 
in  the  treatment  of  gonorrhoea  should  be  efficient.  Basing  an 
opinion  upon  this  experiment,  there  can  be  no  question  as  to 
the  relative  merits  of  acriflavine  and  the  organic  silver  salts, 
and  as  to  which  one  should  be  most  efficient  in  controlling  the 
gonococcus.  Acriflavine  has  at  least  600  times  the  strength  of 
protargol  against  the  gonococcus  in  protein-containing  media. 

TABLE  4 

The  dilutions  of  proflavine,  acriflavine  and  other  standard  antiseptics  which  vfill 

inhibit  the  development  of  the  gonococcus  in  testicular-infusion  agar 


DILUTIOK 

ACRIFLAVINE 

PBOn-AVINB 

PHENOL 

ABGTBOL 

PBOTABO9L 

500 

0 

0 

0 

0 

u 

1,000 

0 

0 

0 

% 

Ht 

10,000 

0 

0 

« 

% 

* 

20,000 

0 

0 

« 

* 

% 

30,000 

0 

0 

fi 

% 

* 

50,000 

0 

0 

% 

* 

* 

80,000 

0 

0 

% 

« 

* 

100,000 

0 

« 

* 

% 

fH 

300,000 

0 

a 

* 

% 

% 

500,000 

* 

« 

% 

% 

% 

800,000 

* 

« 

% 

% 

% 

1,000,000 

« 

« 

% 

* 

% 

Control 

« 

« 

* 

* 

% 

0  =  no  grovrth;   %  =  growth. 

CONCLUSIONS 

Since  acriflavine  has  been  shown  (1)  to  possess  the  property 
of  diffusibility;  since  (2)  it  is  antiseptic  in  urine  in  higher  dilu- 
tion than  any  other  diffusible  dye  studied;  since  (3)  it  will  in- 
hibit the  development  of  the  gonococcus  in  a  dilution  of  at 
least  1 :  300,000  (has  at  least  600  times  the  strength  of  protargol), 
a  trial  of  this  drug  in  the  treatment  of  gonorrhoea  has  been 
experimentally  justified. 

Part  II 


BY   B.    E.    HARBELL 


The  ideal  drug  for  the  treatment  of  gonorrhoea  should  cause  a 
minimum  of  injury  to  the  urethral  mucous  membrane,  should  be 
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highly  toxic  to  the  gonococcus,  and  should  possess  to  a  high  de- 
gree the  power  of  penetrating  to  the  deeper  structures  of  the 
urethra  so  often  involved  in  this  disease.  The  drugs  most  often 
used  for  this  purpose,  argyrol  and  protargol,  fulfill  these  re- 
quirements only  in  part.  It  was  a  realization  of  the  shortcom- 
ings of  our  present  therapy  that  these  investigations  were 
undertaken. 

In  view  of  the  recent  large  advance  in  our  knowledge  of  the 
pharmacology  of  the  various  dyestuffs,  it  seemed  that  our  field 
of  greatest  therapeutic  promise  lay  in  this  direction.  Consid- 
erable work,  however,  has  been  done  with  other  substances  than 
acriflavine  and  these  will  be  taken  up  in  subsequent  publications. 

When  this  work  was  begun  we  knew  of  only  one  dye  that 
possessed  to  any  considerable  degree  the  properties  of  rapid 
diffusibility  and  penetration  of  the  tissues  combined  with  anti- 
septic power  and  this  dye,  one  of  the  halogenated  sulphone- 
phthaleins,  was  antiseptic  to  only  a  slight  degree.  Accordingly  we 
turned  to  the  commoner  dyes  that  were  known  to  possess  anti- 
septic properties. 

The  first  substance  used  was  gentian  violet.  This  has  been  the 
subject  of  extensive  investigation  by  Churchman  (8)  who  in  a 
series  of  about  250  strains  of  bacteria  studied,  was  able  to 
classify  them  as  violet  positive  and  violet  negative,  as  their 
development  was  or  was  not  inhibited  by  the  dye.  In  his 
technique  he  adopted  the  arbitrary  dilution  of  1 :  100,000  and 
found  that  with  this  strength  of  dye  his  classification  corre- 
sponded closely  to  the  usual  classification  of  Gram  positive  and 
Gram  negative.  His  results  with  the  gonococcus  were  inconclu- 
sive, some  strains  being  inhibited  and  others  not.  Churchman 
showed  further  that  following  the  intravenous  administration  of 
this  dye  the  visible  mucous  membranes  of  experimental  animals 
were  stained.  We  repeated  this  experiment  with  intravenous 
and  oral  administration  and  found  that  the  genital  and  intes- 
tinal mucous  membranes  also  were  stained.  We  were  wary  of 
intravenous  injections  of  the  dye  in  human  beings  on  account  of 
the  not  uncommon  fatalities  to  laboratory  animals  following 
such  administration.     Oral  administration  in  our  cases  failed 
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to  influence  the  course  of  gonorrhoea.  Urethral  injections  of  a 
1 :  1000  solution  caused  a  decrease  in  the  discharge,  but  did  not 
obtain  a  cure. 

We  next  used  basic  fuchsin,  Fuchsin  fiir  Bakterien  (Griibler) . 
This  substance  has  been  the  subject  of  several  papers  by  May 
who  has  shown  that  a  warm  1 :  1000  solution  will  kill  staphylo- 
cocci and  bacillus  coh  in  five  minutes  and  that  even  a  1  per 
cent  solution  is  well  borne  by  the  urethra  and  bladder.  Intra- 
venous and  oral  administration  in  laboratory  animals  showed 
about  the  same  distribution  as  gentian  violet ;  namely,  practically 
all  the  mucous  membranes.  Oral  administration  in  cases  of 
gonorrhoea,  however,  failed  to  influence  the  course  of  the  dis- 
ease. UrethrfJ  injections  of  a  1 :  1000  solution  were  well  borne 
and  caused  a  rapid  decrease  in  the  amount  of  the  discharge. 
In  a  few  cases  we  were  able  to  obtain  a  cure  in  about  two  weeks. 

Urethral  injections  of  methylene  blue  also  were  tried.  These 
produced  a  rapid  decrease  in  the  discharge  and  in  a  few  cases  a 
cure  in  about  two  weeks. 

Attention  was  then  directed  to  other  dyes  possessing  the 
desirable  properties  of  rapid  diffusibiUty  and  penetration  men- 
tioned above,  combined  with  definite  antiseptic  power;  namely, 
malachite  green,  brilliant  green,  proflavine  and  acriflavine.  Of 
these  substances  acriflavine  quickly  demonstrated  its  value  in 
gonorrhoea. 

The  compounds  brilliant  green,  proflavine  and  acriflavine 
have  been  the  subject  ,of  recent  frequent  pubhcations  in  the 
English  literature,  chiefly  by  Browning,  Gulbransen,  Kennaway 
and  Thornton.  These  authors  advocate  the  use  of  acriflavine, 
diamino-methyl-acridinum  chloride, 
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in  suppurating  wounds  and  as  a  prophylactic  against  suppura- 
tion. They  have  estabhshed  its  high  antiseptic  value  and  have 
shown  that  this  is  increased  by  the  presence  of  serum.  In  fact, 
Browning  claims  that  it  is  ten  times  as  effective  in  serum  as  in 
water.  They  have  also  shown  that  it  is  not  toxic,  as  they  have 
placed  large  quantities  in  the  pleural  and  peritoneal  cavities  and 
have  injected  300  mgm.  intravenously  without  ill  effects.  In  our 
experience,  we  have  injected  two  ounces  of  a  1  per  cent  solu- 
tion into  the  bladder  and  have  given  two  grain  doses  by  mouth 
without  symptoms.  Another  feature  brought  out  by  Fleming 
is  its  peculiar  affinity  for  leucocytes.  This  author  added  the  dye 
to  an  emulsion  of  pus  cells,  removed  the  cells  and  found  that  the 
remaining  fluid  showed  no  trace  of  the  dye  and  possessed  no  anti- 
septic properties. 

To  determine  the  degree  of  diffusibility  possessed  by  the  drug, 
a  1:1000  solution  was  injected  into  the  urethra  and  bladder  of 
dogs.  The  animals  were  then  sacrificed  as  quickly  as  possible 
and  blocks  taken  from  these  organs  for  examination.  Sections 
were  prepared  by  the  paraffin  method  and  although  considerable 
of  the  dye  was  extracted  by  the  fixing  reagents,  examination 
showed  that  it  had  penetrated  to  the  muscle  layers  of  the  urethra 
and  bladder. 

■  The  first  of  this  group  of  dyes  used  clinically  was  brilliant 
green,  which  Browning  has  shown  will  inhibit  the  growth  of 
staphylococci  in  water  in  the  extreme  dilution  of  1 :  10,000,000. 
After  some  preliminary  experiments  to  determine  the  degree 
of  irritation  the  dye  would  produce,  we  injected  a  few  cubic  centi- 
meters of  a  1 : 1,000  solution  into  the  anterior  urethra  of  a  case 
of  acute  anterior  gonorrhoea!  urethritis  and  had  the  patient 
retain  it  five  minutes.  The  injection  caused  slight  stinging  and 
burning.  At  the  end  of  twenty-four  hours  the  patient  had  a 
profuse  mucopurulent  discharge,  but  there  were  no  gonococci 
present  microscopically.  No  organisms  were  found  upon  sub- 
sequent examinations  and  the  discharge  disappeared  in  forty- 
eight  hours.  This  patient  was  seen  at  intervals  of  a  week  for 
six  weeks  and  has  remained  well  during  this  time.  Further  ex- 
periments with  this  dye,  however,  have  shown  that  this  strength 
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was  too  irritating  for  general  use  and  that  weaker  dilutions  did 
not  give  the  desired  results. 

TECHNIQUE 

Urethral  injections  of  aeriflavine  cause  slight  smarting  which 
persists  for  an  hour  or  more.  Patients  who  have  had  previous 
treatment  with  protargol  tell  us,  however,  that  it  is  decidedly  less 
than  that  caused  by  the  silver  salt.  The  smarting  has  never 
been  severe  and  we  have  had  no  patient  object  to  the  treatment. 
We  have  used  dilutions  varying  from  1 :  2,000  to  1 :  100,  and  have 
found  the  1 : 1,009  most  satisfactory;  it  is  just  as  efficient  as  the 
more  concentrated  solutions  and  the  smarting  is  less,  in  fact, 
with  this  strength  it  is  almost  neghgible.  We  have  had  two 
cases  of  retention  following  the  use  of  a  1  per  cent  solution. 
These  cases  complained  of  no  pain  except  that  caused  by  the 
inabihty  to  void.  There  was  evidently  no  stricture  formation  as 
they  were  catheterized  without  difficulty  and  the  symptoms 
promptly  disappeared  on  discontinuing  treatment.  There  have 
been  no  compUcations  following  the  use  of  a  1 : 1,000  solution. 

In  the  anterior  cases  we  have  injected  about  3  cc.  of  a  1 :  1,000 
solution  into  the  anterior  urethra  the  patient  retaining  it  for  five 
minutes.  In  the  posterior  cases  we  have  injected  15  to  30  cc. 
through  into  the  bladder,  distending  the  urethra  and  having 
the  patient  retain  the  dye  in  the  urethra  for  five  minutes  and 
in  the  bladder  till  the  next  voiding.  Injections  should  be  given 
twice  a  day  until  all  organisms  have  disappeared  from  the  dis- 
charge and  then  once  a  day  untU  the  patient  is  considered  well. 
All  our  results  have  been  controlled  by  daily  examination  of 
smears  from  the  urethral  discharge  and  of  the  urine  voided  in 
three  glasses. 

RESULTS 

We  have  frequenth'  had  the  organisms  disappear  from  the 
discharge  following  a  single  injection  and  not  return  during  the 
subsequent  course  of  the  disease.  In  the  majority  of  cases  they 
have  disappeared  after  two  or  three  injections.     In  a  few  cases 
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they  have  disappeared  after  one  or  two  injections  and  have  been 
found  again  later,  but  have  soon  disappeared  under  continued 
treatment. 

The  discharge  is  markedly  decreased  from  the  beginning, 
very  quickly  becoming  thin  and  mucoid  in  character.  It  then 
gradually  becomes  less  until  about  the  fifth  day  it  has  usually 
disappeared  altogether.  In  a  few  of  the  more  resistant  cases 
we  have  noticed  the  fragmentation  of  the  leucocytes  mentioned 
by  Browning. 

TABLE  5 


DURATION  OF  DISEASE 

DURATION  OF  TREAT- 
MENT IN  DAYS 

NUMBER  OF  TREATMENTS 

1 

3  days 

3 

3 

2 

2  months 

3 

4 

3 

4  months 

2 

2 

4 

5  months 

3 

3 

5 

4  days 

5 

5 

6 

6  days 

5 

5 

7 

8  months 

6 

7 

8 

2  weeks 

5 

8 

9 

2  months 

5 

8 

10 

? 

11 

13 

11 

1  day 

7 

7 

12 

2  years 

7 

7 

13 

3  weeks 

16 

16 

14 

4  months 

12 

13 

15 

10  days 

14 

16 

Average 

en 

7— 

1  5 

In  cases  of  anterior  and  posterior  urethritis  we  have  found 
that  the  posterior  infection  usually  improves  before  the  ante- 
rior, in  fact,  it  is  usual  for  the  urine  voided  in  three  glasses  to  be 
cloudy  in  the  first  and  clear  in  the  second  and  third.  The  tri- 
gonal inflammation  also  quickly  subsides.  Cases  with  frequency 
and  nycturia  have  frequently  had  these  symptoms  entirely  re- 
lieved by  a  single  injection,  nearly  always  by  two  or  three. 

Some  of  the  dye  evidently  remains  in  the  urethra  for  a  consid- 
erable time.  The  discharge  at  the  end  of  twenty-four  hours  is 
still  stained  a  brilliant  yellow  and  microscopically  many  of  the 
leucocytes  are  well  stained.  The  urine  is  definitely  yellow  and  is 
fluorescent  even  at  the  end  of  thirty-six  hours. 
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The  cases  in  the  above  table,  though  some  of  them  gave  a  his- 
tory of  gonorrhoea  lasting  from  a  few  weeks  to  two  years,  have 
all  had  a  purulent  discharge  showing  intracellular  diplococci 
when  seen  by  us.  Many  of  them  had  been  receiving  treatment 
since  the  onset  of  the  disease.  One  case  not  included  in  the  hst 
gave  a  history  of  gonorrhoea  lasting  for  four  years  and  had  been 
receiving  treatment  regularly  for  more  than  a  year.  This  case 
cleared  up  very  quickly,  but  is  not  included  as  this  was  one  of 
our  earliest  cases  and  other  substances  beside  flavine  were  used 
in  his  treatment,  though  we  believe  the  final  result  was  obtained 
with  this  drug. 

We  have  had  recurrences  as  is  the  rule  with  any  form  of  treat- 
ment. We  have  not  resumed  treatment  in  these  cases  till  they 
had  developed  the  maximum  of  immunity,  usually  in  five  to 
seven  days.  Treatment  at  the  end  of  this  time  has  usually 
given  prompt  results. 

A  striking  feature  of  this  form  of  therapy  is  that  in  many 
cases  the  dye  acts  almost  as  a  specific,  while  in  an  occasional 
one  it  seems  without  any  effect  whatever.  Such  cases  are  evi- 
dently not  very  common,  however,  as  in  the  considerable  num- 
ber that  we  have  treated  we  have  found  only  four  of  this  class. 
Two  of  these  responded  at  once  to  injections  of  protargol.  In 
the  third  case  the  discharge  was  much  decreased  by  acriflavine, 
but  we  could  not  obtain  a  cure.  This  patient  was  entirely  re- 
he  ved  by  a  single  injection  of  a  member  of  the  aromatic  series 
with  which  we  were  working  and  has  remained  well.  In  the 
fomth  case  we  have  not  yet  obtained  a  cure  with  either  acri- 
flavine, protargol,  or  with  potassium  permanganate.  Whether 
this  condition  is  due  to  an  especially  resistant  strain  of  the 
gonococcus  or  to  some  other  undetermined  cause,  we  are  not 
able  to  say. 

We  have  used  acriflavine  in  a  large  number  of  cases  but  include 
in  the  above  table  only  those  that  we  have  been  able  to  follow  for 
several  weeks  after  treatment  was  discontinued.  We  reahze 
that  this  is  a  small  number  to  report  but  the  uncertainties  of 
military  service  lead  us  to  do  so  at  this  time.  We  have  found 
several  other  substances  that  have  considerable  value  in  gonor- 
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rhoea  and  further  investigations   will   be   carried   out   at   the 
earliest  opportunity. 

So  far  we  have  not  been  able  to  obtain  acriflavine  in  this 
country.  Our  supply  for  this  work  was  obtained  from  the  Boots 
Pure  Drug  Company,  Ltd.,  Nottingham,  England. 

Case  1.  This  patient  came  in  complaining  of  painful  urination  of 
twenty-four  hours'  duration,  coming  on  three  days  after  exposure. 
Examination  showed  a  slight  purulent  urethral  discharge  which  on 
smear  showed  numerous  intracellular  diplococci.  Glass  1  was  cloudy, 
glasses  2  and  3  clear.  He  was  given  an  anterior  injection  of  flavine 
1 :  250.  When  seen  again  at  the  end  of  twenty-four  hours  his  symptoms 
had  entirely  disappeared,  there  was  no  discharge  at  the  meatus  and 
scrapings  from  the  urethra  showed  no  organisms;  the  urine  was  clear 
in  all  three  glasses.  This  patient  was  given  another  injection  at  this  time 
and  another  twenty-four  hours  later,  or  three  injections  in  all.  He 
did  not  complain  of  pain  either  during  or  after  the  injections.  He 
was  seen  again  after  three  days  and  again  ten  days  later,  his  ex- 
amination  being  entirely  negative  on  each  occasion. 

Of  course,  it  is  not  unusual  for  the  disease  to  be  aborted  by 
other  methods  of  treatment,  but  the  following  cases  will  show- 
somewhat  similar  results  with  cases  of  longer  duration. 

Case  2.  This  patient  gave  a  history  of  gonorrhoea  of  two  months' 
duration,  during  which  time  he  had  been  under  constant  treatment 
both  by  injections  of  protargol  and  irrigations  of  potassium  permanga- 
nate. Examination  showed  a  profuse,  purulent  urethral  discharge 
which  on  smear  showed  numerous  intracellular  diplococci,  urine  cloudy 
in  all  three  glasses.  He  was  given  a  posterior  injection  of  flavine 
1 :  250.  At  the  end  of  twenty-four  hours  there  was  still  a  slight  dis- 
charge, there  were  no  organisms  present,  the  urine  was  cloudy  in  the 
first  glass,  clear  in  the  second  and  third.  At  the  end  of  forty  hours 
or  on  the  morning  of  the  third  day,  there  was  only  a  slight  moisture 
at  the  meatus,  no  organisms  present,  the  urine  clear  in  all  three  glasses. 
He  was  given  a  third  injection  at  this  time  and  a  fourth  in  the  after- 
noon or  at  the  end  of  forty-eight  hours.  He  states  that  the  flavine 
caused  slight  smarting,  but  distinctly  less  than  the  protargol  that  he 
had  been  using.  This  patient  has  been  seen  every  few  days  for  three 
months  and  has  remained  entirely  well  during  this  time. 
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Case  S.  Gave  a  history  of  gonorrhoea  of  four  months'  duration  with 
intermittent  treatment  with  protargol  since  onset.  Examination 
showed  a  moderate  purulent  discharge  which  showed  numerous  organ- 
isms on  smear.  Glass  1  was  cloudj^,  glasses  2  and  3  clear.  He  was 
given  an  anterior  injection  of  flavine  1 :  250.  On  the  morning  of  the 
second  day  his  condition  was  the  same  except  that  there  were  no 
organisms  in  the  discharge.  He  was  given  another  anterior  injec- 
tion of  the  same  strength.  On  the  afternoon  of  the  second  day,  or 
at  the  end  of  twentj'-four  hours  there  was  a  sUght  mucoid  discharge 
at  the  meatus,  no  organisms  on  smear,  urine  shghtly  cloudy  in  the 
first  glass.  We  were  anxious  to  know  just  how  quickly  a  cure  could 
be  obtained  so  he  was  given  only  the  two  treatments.  Three  days 
later  there  was  no  discharge  and  the  urine  was  clear  in  all  three  glasses. 
This  patient  was  seen  at  intervals  of  a  week  for  a  month  and  has 
remained  well. 

Case  Jf..  Had  had  gonorrhoea  for  fiv-e  months  with  intermittent 
treatment  with  protargol.  Examination  showed  a  sUght  purulent 
discharge  which  showed  a  good  many  organisms  on  smear,  glass  1 
cloudy,  glasses  2  and  3  clear.  He  was  given  a  posterior  injection  of 
flavine  1 :  2000.  After  twenty-four  hours  there  was  no  discharge,  no 
organisms  in  scrapings  from  the  urethra,  urine  still  hazj'  in  the  first 
glass.  He  was  given  flavine  1 :  1000  anteriorlj-.  After  forty-eight 
hours  the  findings  were  the  same  so  was  given  another  injection  of 
1 :  1000,  or  three  injections  in  aU.  No  further  treatment  was  given 
and  the  patient  has  remained  well. 

Case  5.  Had  a  gonorrhoea  of  four  days'  duration.  Examination 
showed  a  slight  discharge  showing  numerous  organisms  on  smear, 
urine  cloud}'  in  all  three  glasses.  He  was  given  a  posterior  injec- 
tion of  flavine  1 :  250.  On  the  second  day  there  was  still  a  shght 
discharge,  no  organisms  on  smear,  urine  cloudy  in  the  first  glass, 
clear  in  the  second  and  third.  He  was  given  one  injection  a  day  for 
five  days.  At  the  end  of  this  time  there  was  no  discharge,  the  urine 
showed  a  few  shreds  in  the  first  glass,  glasses  2  and  3  clear. 

Ca^e  6.  Had  had  gonorrhoea  for  six  days.  Examination  showed  a 
purulent  discharge  containing  numerous  intracellular  diplococci,  glass 
1  cloudy,  glasses  2  and  3  not  obtained.  He  was  given  an  anterior 
injection  of  flavine  1 :  1000.  On  the  second  day  there  was  still  a  shght 
discharge,  but  no  organisms  on  smear,  glasses  1  and  2  cloudy.  Was 
given  flavine  1 :  1000  posteriorly.  On  the  third  day  there  was  a 
slight  moisture  at  the  meatus,  no  organisms  on  smear,  glass  1  hazy, 
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glasses  2  and  3  clear.     The  condition  remained  the  same  while  a 
total  of  five  injections  in  as  many  days  were  given,  when  treatment 
'  was  discontinued.     Subsequent  examinations  showed  him  to  be  entirely 
well. 

Case  7.  This  patient  gave  a  history  of  gonorrhoea  of  eight  months' 
duration.  Examination  showed  a  moderate  purulent  discharge  show- 
ing large  numbers  of  organisms  on  smear,  urine  cloudy  in  all  three 
glasses.  He  was  given  a  posterior  injection  of  fiavine  1:  1000.  On 
the  second  day  the  discharge  was  still  present,  but  without  organisms, 
urine  cloudy  in  the  first  glass,  clear  in  tlie  second  and  third.  On  this 
day  was  given  two  injections.  From  this  time  on  posterior  injec- 
tions of  1 :  2000  were  used  once  a  day.  On  the  fourth  day  the  dis- 
charge was  thin  and  mucoid  in  character.  Treatment  was  discontinued 
on  the  sixth  day.  At  this  time  there  was  still  a  slight  moisture  at  the 
meatus  and  a  few  shreds  in  the  first  glass.  Ten  days  later  there  was 
still  an  occasional  shred  in  the  first  glass,  examination  otherwise  nega- 
tive.    This  patient  has  remained  well  since  this  time. 

This  case  is  a  good  example  of  the  rapidity  with  which  the 
posterior  urethritis  is  relieved. 

Case  8.  Had  had  gonorrhoea  for  two  weeks.  Examination  showed 
a  profuse  discharge,  many  organisms  on  smear,  urine  cloudy  in  all 
three  glasses.  He  was  given  a  posterior  injection  of  fiavine  1 :  1000. 
On  the  second  day  there  was  a  slight  discharge,  no  organisms  on  smear, 
urine  cloudy  in  all  three  glasses.  From  this  time  on  was  given  two  in- 
jections per  day  till  the  fourth  day.  On  the  fifth  day  was  given  a 
single  injection  of  1 :  2,000.  At  this  time  there  was  still  a  slight  mois- 
ture at  the  meatus  and  the  urine  was  hazy  in  the  first  glass.  Patient 
has  remained  well. 

Case  9.  Had  a  gonorrhoea  of  two  months'  duration.  Examination 
showed  a  slight  discharge,  a  few  organisms  on  smear,  urine  cloudy  in  all 
three  glasses.  He  was  given  a  posterior  injection  of  fiavine  1 :  250. 
On  the  morning  of  the  second  day  his  condition  was  unchanged  and 
was  given  flavine  1 :  500.  At  the  afternoon  examination  there  was  no 
discharge,  no  organisms  on  smear,  urine  still  cloudy  in  all  three  glasses. 
Following  this  he  received  two  injections  per  day  till  the  fifth  day 
when  he  was  given  a  single  injection  of  1 :  1000  and  treatment  dis- 
continued. The  urine  became  clear  in  glasses  2  and  3  on  the  fourth 
day,  clear  in  all  three  glasses  on  the  fifth  day.  This  patient  has 
been  seen  at  intervals  for  three  months,  but  has  remained  well. 
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Case  10.  This  was  the  onlj^  hospital  case  in  the  series.  His  mental 
condition  made  it  impossible  to  obtain  a  history  and  only  rarely  could 
we  obtain  a  specimen  of  urine.  Examination  showed  a  fairly  profuse 
discharge  showing  numerous  intracellular  diplococci  on  smear.  He 
was  given  a  posterior  injection  of  flavine  1 :  1000.  On  the  second  day 
there  was  a  slight  discharge,  no  organisms  on  smear.  On  this  day  was 
given  two  treatments  of  1 :  1000  and  for  the  remainder  of  the  time 
one  treatment  of  1 :  2000  per  day  till  thirteen  injections  had  been 
given  in  all.  On  the  third  day  the  discharge  was  thin  and  mucoid  in 
character,  urine  cloudy  in  glass  1  clear  in  glasses  2  and  3.  On  the 
fifth  day  there  was  no  discharge  and  on  the  ninth  the  urine  was  clear 
in  all  three  glasses.  Treatment  was  discontinued  on  the  tenth  day 
and  the  patient  has  remained  well. 

Case  11.  This  patient  gave  a  history  of  gonorrhoea  of  twenty-four 
hours'  duration  and  complained  of  considerable  burning  on  urination. 
Examination  showed  a  thick  creamy  discharge,  numerous  organisms  on 
smear,  glass  1  cloudy,  glasses  2  and  3  clear.  He  was  given  an  anterior 
injection  of  flavine  1 :  250.  On  the  next  day  there  was  no  burning  on 
urination,  an  occasional  organism  on  smear,  the  urine  remained  the 
same.  Injections  of  the  same  strength  were  given  once  per  day  for 
seven  days.  On  the  fourth  day  there  was  very  little  discharge,  no 
organisms  on  smear.  On  the  fifth  day  there  was  an  increase  in  the 
discharge,  a  few  organisms  on  smear,  some  burning  on  urination; 
glasses  1,  2  and  3  cloudy.  These  promptly  cleared  up  under  posterior 
injections  and  on  the  seventh  day  treatment  was  discontinued.  At  this 
time  there  was  no  discharge,  no  organisms  on  smear,  urine  hazy  in  the 
first  glass.     Patient  has  remained  well. 

Case  12.  Had  had  gonorrhoea  for  two  years  with  intermittent  treat- 
ment with  protargol.  Examination  showed  a  moderate  discharge,  a 
few  organisms  on  smear,  urine  cloudy  in  all  three  glasses.  This  patient 
was  getting  up  five  times  at  night  to  void.  He  was  given  a  posterior 
injection  of  flavine  1 :  1000  and  received  the  same  treatment  each  day 
thereafter  for  seven  days.  Following  the  first  treatment  he  got  up 
only  once  at  night  and  following  the  second  not  at  all.  On  the  fourth 
day  there  was  only  a  slight  discharge  and  all  organisms  had  disap- 
peared. On  the  fifth  day  there  was  no  discharge,  urine  hazy  in  the 
first  glass,  clear  in  the  second  and  third.  Treatment  was  discontinued 
on  the  seventh  day  and  the  patient  has  remained  well. 

Case  13.  Gave  a  history  of  gonorrhoea  for  three  weeks  without 
treatment.     Examination  showed  a  slight  discharge,  no  organisms  on 
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smear,  urine  cloudy  in  all  three  glasses.  He  was  given  a  posterior 
injection  of  flavine  1 :  1000  and  the  same  treatment  once  each  day 
thereafter.  On  the  second  day  there  was  a  slight  discharge,  no  organ- 
isms on  smear,  urine  still  cloudy  in  all  three  glasses.  On  the  third 
day  the  discharge  had  disappeared.  On  the  seventh  day  the  urine  was 
hazy  in  the  first  glass,  clear  in  the  second  and  third.  Treatment  was 
discontinued. 

Three  days  later  patient  returned  in  the  same  condition  as  when  first 
seen,  namely,  with  a  slight  discharge,  a  few  organisms,  urine  cloudy 
in  all  three  glasses.  The  organisms  disappeared  after  a  single  injec- 
tion and  the  discharge  after  two.  After  three  treatments  organisms 
were  again  found  in  the  discharge,  but  disappeared  two  days  later,  at 
which  time  also  the  urine  became  clear  in  glasses  2  and  3.  On  the 
sixteenth  day  there  was  no  discharge  and  the  urine  showed  only  an  occa- 
sional shred  in  the  first  glass.  Treatment  was  discontinued  and  the 
patient  has  remained  well.  - 

Case  14-  Gave  a  history  of  gonorrhoea  for  four  months  with  almost 
continuous  treatment  with  protargol.  Examination  showed  a  profuse 
purulent  discharge,  numerous  organisms  on  smear,  urine  cloudy  in  all 
three  glasses.  He  was  given  a  posterior  injection  of  flavine  1 :  100. 
On  the  second  day  there  was  a  slight  discharge,  a  few  organisms,  glasses 
2  and  3  clear.  He  received  two  injections  on  this  day  and  another  on 
the  third  day.  Following  this  he  had  complete  retention  which  neces- 
sitated catheterization,  though  he  did  not  complain  of  any  pain  except 
that  caused  by  the  inability  to  void.  There  was  evidently  no  stricture 
formation  as  a  no.  20  F  catheter  was  introduced  without  difficulty. 
Treatment  was  not  resumed  till  four  days  later  when  the  dysuria  had 
entirely  disappeared.  At  this  time  he  again  had  a  thick  purulent 
discharge  with  numerous  organisms  on  smear,  the  urine,  however,  was 
clear  in  the  second  and  third  glasses.  The  organisms  disappeared 
after  two  injections  of  flavine  1 :  1000  and  the  discharge  was  decreased 
in  amount.  A  slight  moisture  persisted  at  the  meatus  till  after  treat- 
ment was  discontinued.  On  the  twelfth  day  this  moisture  was  still 
present,  the  urine  showed  an  occasional  shred  in  the  first  glass,  sec- 
ond and  third  glasses  clear.  Treatment  was  discontinued  and  the 
patient  has  remained  well. 

We  have  had  one  other  case  of  retention.  This  one  also  was 
catheterized  without  difficulty  and  the  dysuria  cleared  up  in 
about  four  days.     This  patient  did  not  return  for  treatment  until 
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he  was  well  and  could  not  be  traced,  so  is  not  included  in  our 
list.  This  retention  was  probably  due  to  oedema  or  spasm  of 
the  vesical  orifice  as  there  were  no  persistent  pathological 
changes. 

Case  15.  Gave  a  history  of  gonorrhoea  of  ten  days'  duration  without 
treatment.  Examination  showed  a  moderate  discharge,  numerous  in- 
tracellular diplococci  on  smear,  urine  cloudy  in  all  three  glasses.  He 
received  a  posterior  injection  of  flavine  1 :  1000  at  this  time,  two  in- 
jections on  the  second  and  fourth  days,  and  one  injection  per  day 
thereafter.  On  the  second  day  the  urine  was  clear  in  the  second  and 
third  glasses,  and  the  discharge  much  decreased.  On  the  fourth  day 
the  organisms  had  disappeared,  but  the  urine  was  again  cloudy  in 
glasses  2  and  3.  On  the  fifth  day  the  urine  was  only  hazy  in  the  first 
glass,  clear  in  the  second  and  third.  The  patient's  condition  re- 
mained the  same  till  the  fourteenth  day  when  the  discharge  had  dis- 
appeared and  the  urine  was  clear  in  all  three  glasses.  Treatment  was 
discontinued  and  the  patient  has  remained  well. 

CONCLUSIONS 

1.  Acriflavine  will  inhibit  the  development  of  the  gonococcus 
in  a  protein-containing  media  in  a  dilution  of  1 :  300,000.  (Has 
600  times  the  strength  of  protargol.) 

2.  It  will  penetrate  through  the  submucosa  of  the  urethra  and 
bladder. 

3.  It  is  non-toxic  and  only  slightly  irritating  to  the  urethral 
mucous  membranes. 

4.  The  average  duration  of  a  gonorrhoea  under  this  treatment 
is  distinctly  less  than  with  the  usual  methods. 

5.  In  an  occasional  case  it  seems  without  effect  upon  the  course 
of  the  disease. 
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In  previous  publications  (Davis,  Davis  and  White)  the  need 
of  an  efficient  internal  urinary  antiseptic  has  been  discussed,  and 
the  experiments  relative  to  the  synthesis  of  such  a  compound  have 
been  described.  By  the  term  ''internal  urinary  antiseptic"  is 
meant  a  drug  which,  administered  by  mouth  or  intravenously, 
will  render  the  urine  antiseptic  for  a  definite  period  of  time,  re- 
gardless of  the  reaction  of  the  latter,  and  without  injury  to  the 
patient.  The  ideal  compound  for  this  purpose  must  be  chemi- 
cally stable  and  relatively  non-toxic  and  non-irritating;  must  be 
antiseptic  in  high  dilution  (in  urine  as  well  as  in  water) ;  and,  in 
order  that  minimal  dosage  may  be  efficiently  and  safely  adminis- 
tered, must  be  eliminated  in  high  percentage  by  the  kidney,  as 
is,  for  example,  phenolsulphonphthalein.  Clinically,  there  is  no 
such  drug  known.  The  present  paper  is  a  discussion  of  the 
chemistry,  antiseptic  properties,  toxicity  and  excretion  of  chlor- 
mercury  fluorescein,  a  synthetic  compound  which  we  have 
shown  experimentally  to  possess  the  properties  enumerated 
above ;  that  is,  this  compound,  administered  intravenously  in  minute 
doses,  will  cause  the  secretion  of  antiseptic  urine,  for  a  definite 
period  of  time,  without  injury  to  the  animal. 

The  investigation  was  begun  with  phenolsulphonphthalein, 
and  experiments  concerning  the  antiseptic  strength  and  the  ex- 
cretion of  various  related  compounds  were  carried  on,  with  the 
object  of  establishing  a  relationship  between  chemical  structure 
and  ''renal  affinity."  More  than  two  hundred  compounds  have 
been  studied,  with  the  following  previously  published  conclusions: 
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1.  The  property  possessed  by  phenolsulphonphthalein,  by 
virtue  of  which  it  is  so  rapidly  ehminated  by  the  kidney,  is  by 
no  means  Umited  to  this  compound,  for  several  other  more  or 
less  closely  related  compounds  show  the  same  striking  "renal 
affinity." 

2.  Compounds  of  the  xanthone  class,  that  is,  phthaleins 
(though  not  necessarily  sulphonphthaleins)  in  which  there  is  an 
oxygen  atom  linking  the  two  phenol  groups,  show  a  similar  re- 
markable "renal  affinity." 

3.  The  bromination  of  these  compounds,  both  sulphonphtha- 
leins and  xanthones,  interferes  with  their  excretion. 

4.  Numerous  actively  germicidal  compounds  lose  their 
strength  (owing  to  an  as  yet  unexplained  cause)  when  simply 
diluted  with  urine  in  a  test  tube.  The  value  of  every  drug  used 
for  the  purpose  of  urinary  antisepsis  ought  therefore  to  be  ques- 
tioned until  its  antiseptic  strength  in  urine  has  been  experi- 
meiT,tally  demonstrated. 

5.  It  has  been  possible  to  establish  a  certain  relationship  be- 
tween chemical  structure  and  renal  excretion,  and  to  predict, 
with  a  reasonable  amount  of  accuracy,  which  drugs  will  and 
which  will  not  be  rapidly  excreted. 

6.  The  synthesis  of  germicidal  compounds,  very  closely  re- 
lated to  the  types  excreted,  has  been  accomplished,  and  one  of 
these  germicidal  compounds  (rhodamin)  was  excreted  and  would 
have  been  successful  but  for  the  interfering  action  of  the  urine. 

The  properties  of  chlor-mercury  fluorescein  were  not  discovered 
accidentally.  The  compound  was  logically  synthesized  accord- 
ing to  the  rules  stated  above,  that  is,  by  the  combination  of  an 
antiseptic  agent  with  a  molecule  containing  a  certain  definite 
chemical  structure  previously  shown  to  possess  "renal  affinity." 
The  resulting  molecule  thus  possesses  two  functions,  one  of  which 
acts  to  localize  and  concentrate  in  one  portion  of  the  body 
(the  kidney),  and  the  other  exerts  an  antiseptic  action.  This 
feature  (the  rapid  localization  of  the  antiseptic  in  the  urine)  is  of 
the  utmost  importance,  for  it  is  thus  made  possible  to  produce  an 
efficient  concentration  of  the  drug  in  the  urine  by  the  use  of  dosage 
so  minute  that  the  danger  from  toxicity  has  been  experimentally 
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eliminated,  in  spite  of  the  mercury  content.  Were  it  not  for  the 
localizing  tendency  possessed  by  this  drug,  and  were  it  therefore 
necessary  to  produce  a  conentration  throughout  the  entire  body 
equal  to  that  in  the  urine,  the  question  of  toxicity  would  perhaps 
rule  out  a  consideration  of  the  drug  for  cUnical  purposes. 

CHEMISTRY 

Chlor-mercury  fluorescein  is  formed  by  the  introduction  of  one 
atom  of  mercury  into  the  fluorescein  molecule.  A  description 
of  the  preparation  of 'the  material  and  its  properties,  as  well  as 
that  of  other  organo-mercury  derivatives  of  phthaleins  and  sul- 
phonphthaleins,  which  have  been  prepared  and  investigated  in 
this  laboratory,  and  rejected  through  lack  of  one  or  more  of  the 
above  listed  requirements,  will  be  pubhshed  in  an  appropriate 
chemical  journal.  It  may  be  said  here  that  the  substance  is 
probably  represented  by  the  formula, 

HgCl 
—OH 


I      ^    ^ 

COOH       \/^^.=o 


the  position  of  the  mercury  here  given  being  probable,  though 
not  yet  definitely  established. 

The  substance  is  an  orange  powder,  identical  in  appearance 
with  fluorescein.  It  is  readily  and  completely  soluble  in  dilute 
sodium  hydroxide  or  sodium  carbonate,  thus  showing  that  the 
mercury  is  present  in  non-ionic  form.  The  solution  of  the  sodium 
salt  has  practically  the  same  color  and  fluorescence  as  fluorescein 
itself.  This  solution  is  entirely  stable,  and  has  been  kept  for 
months  without  deterioration.  The  formula  given  requires  a 
mercury  content  of  35.37  per  cent,  and  the  analysis  of  the  sub- 
stance gives  results  agreeing  very  closely  with  this  theoretical 
figure. 
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In  this  connection  it  is  interesting  to  note  that  organo-mercury 
derivatives  of  phthaleins,  including  fluorescein,  have  been  inves- 
tigated with  regard  to  their  therapeutic  action  in  trypanosome 
infections,  by  Hahn  and  Kostenbader  and  by  Klages  and  Schreiber. 
It  is  evident  from  the  pubhcations  of  these  writers  that  the  same 
set  of  substances  was  used  in  both  investigations.  These  au- 
thors, however,  give  no  description  of  the  method  of  preparation, 
nor  is  any  mention  of  them  to  be  found  in  the  chemical  litera- 
ture. However,  the  mercury  content  of  their  fluorescein  deriva- 
tives (one  25  per  cent  and  another  50  per  cent)  does  not  agree 
with  any  conceivable  formula  for  an  organo-mercury  derivative 
of  the  dye.  It  therefore  seems  probable  that  these  authors  were 
not  dealing  with  pure,  definite  substances.  In  any  case,  our 
drug,  as  indicated  by  its  mercury  content,  is  different  from  theirs, 
and  appears  to  be  a  definite  chemical  individual. 

ANTISEPTIC    PROPERTIES   IN   VITRO 

As  has  been  previously  mentioned,  the  possession  of  antisep- 
tic properties  by  a  drug  when  diluted  in  water  is  no  indication 
whatever  of  its  antiseptic  value  when  diluted  in  urine.  In  fact, 
most  of  our  compounds  which  were  germicidal  in  high  dilution  in 
water  lost  this  property  when  diluted  in  urine  in  a  test  tube,  and 
even  permitted  the  growth  of  organisms  in  urine  when  in  rela- 
tively high  concentration.  In  determining  the  antiseptic  and 
germicidal  value  of  chlor-mercury  fluorescein,  it  was  therefore 
desirable  to  make  the  various  dilutions  with  voided  urine,  since 
any  drug  for  our  purpose  would  be  useless  unless  effective  in  this 
medium.  Furthermore,  it  was  desirable  to  try  out  the  drug  in 
both  acid  and  alkaline  urines,  since  the  ideal  drug  should  be  ef- 
ficient regardless  of  the  urinary  reaction.  The  necessity  for  an 
acid  urine  is  the  most  serious  obstacle  to  the  efficiency  of  urotropin. 

Reaction  of  urine.  In  order  to  have  available  each  day  urine 
of  definite  acid  and  alkaline  reaction,  it  was  necessary  to  titrate 
specimens  of  voided  urine  with  tenth  normal  sodium  hydroxide 
and  tenth  normal  hydrochloric  acid  until  definite  degrees  of  hy- 
drogen ion  concentration  were  reached,  as  determined  by  the 
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colorimetric  method ;  that  is,  by  comparison  with  a  standard  hy- 
drogen ion  scale  made  up  with  solution  of  buffer  salts  colored  by 
the  sulphonphthalein  series  of  indicators.  (See  pubHcations  of 
Clark  and  Lubs,  and  Shohl  and  Janney.)  On  the  acid  side  of 
the  scale  it  was  arbitrarily  decided  to  use  urine  titrated  to  paG.O 
(corresponding  to  0.000001  N  acid),  which  Henderson  and  Pal- 
mer have  showTi  to  be  the  average  reaction  of  normal  urine. 
In  order  to  obtain  alkaline  urine,  a  sample  of  the  same  specimen 
was  titrated  to  PaS.O,  an  end-point  arbitrarily  chosen  so  that  the 
reaction  of  the  specimens  of  urine  used  from  day  to  day  would 
not  vary. 

Technique.  Dilutions  of  the  drug  were  made  in  sterile  test 
tubes,  using  acid  urine  for  one  series  of  dilutions  and  alkaline 
urine  for  another.  Each  dilution  was  inoculated  with  one  loop 
of  a  twenty-four  hour  broth  culture  of  the  colon  bacillus  in  one 
series  of  experiments,  and  with  the  staphylococcus  aureus  in 
another.  After  an  incubation  period  of  twenty-four  hours  (suf- 
ficient time  to  permit  either  growth  or  death  of  the  organism), 
0.1  cc.  was  transferred  from  each  tube  to  melted  agar  and  plated. 
Those  plates  which  remained  sterile,  or  in  which  only  a  few  colo- 
nies developed,  proved  that  the  corresponding  tubes  contained 
an  inhibitory  concentration  of  the  drug.  Those  plates  in  which 
the  colonies  were  too  numerous  to  be  counted  (designated  in 
the  tables  by  the  infinity  sign,  «)  proved  that  the  concentra- 
tion of  the  drug  had  been  insufficient  to  prevent  growth  of  the 
organism. 

Antiseptic  strength.  Table  1  shows  that  chlor-mercury  fluo- 
rescein is  more  effective  in  acid  than  in  alkaline  urine,  in  the  case 
of  both  the  colon  bacillus  and  the  staphylococcus.  Even  in  alka- 
line urine,  however,  the  development  of  both  organisms  was  in- 
hibited by  a  dilution  of  1 :  10,000.  (CarboUc  acid,  in  urine,  per- 
mits a  growth  of  the  colon  bacillus  in  a  concentration  of  1 : 1,000.) 
The  question  mark  in  table  1  indicates  an  inconstancy  of  results 
when  the  experiment  was  repeated  several  times.  For  instance, 
in  a  dilution  of  1 :  30,000,  the  drug  killed  the  colon  bacillus  on 
some  occasions,  and  on  other  occasions  permitted  growth.  The 
variable  factor  here  was  not  determined,  although  it  seems  likely 
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TABLE  1 
The  antiseptic  strength  of  chlor-mercury  fluorescein  diluted  in  voided  human  urine 


COLON  BACILLUS 

STAPHYLOCOCCUS  AUREUS 

DILUTION   OF  DRUG  IN  UBINB 

Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  80) 

Acid  urine 
(Pg,  6.0) 

Alkaline 

urine 
(Ph-  8.0) 

1,000 

0 

0 

0 

0 

10,000 

0 

0 

0 

0 

20,000 

0 

00 

0 

10,000^ 

30,000 

? 

00 

00 

00 

40,000 

00 

00 

00 

00 

50,000 

00 

00 

00 

00 

100,000 

CO 

00 

00 

00 

Control  of  drug 

-free  urine 

00 

00 

00 

00 

Each  dilution  was  inoculated  with  one  loop  of  a  twenty-four  hour  broth  cul- 
ture and  incubated  for  twenty-four  hours  after  which  0.1  cc.  was  transferred  to  a 
tube  of  melted  agar,  and  plated.  Columns  indicate  approximate  number  of 
colonies  which  developed  in  plates. 

0  =  no  growth;  «»  =  infinite  number  of  colonies;  10,000 #  =  approximately 
10,000  colonies  (indicates  that  the  organisms  were  inhibited,  but  not  killed,  during 
twenty-four  hours). 


TABLE  2 

The  germicidal  strength  of  chlor-mercury  fluorescein  diluted  in  voided  human  urine 


COLON  BACILLUS 

STAPHYLOCOCCUS    AUREUS 

DILUTION   OF  DRUG  IN  URINE 

Acid  urine 

Alkaline 

urine 
(Ph-  8.0) 

Acid  urine 
(Pg.  6.0) 

Alkaline 

urine 
(Pg.  8.0) 

Control  of  drug 

1000 
10,000 
20,000 
30,000 
40,000 
50,000 
-free  urine 

0 

0 
1,000^ 
10,000^ 
10,000  $ 
10,000  ^ 
10,000  f^ 

0 

0 
10,000?^ 
10,000  ^ 
10,000^ 
10,000  ^ 
10,000  # 

0 

0 

0 

50  * 

10,000^ 

10,000  # 

10,000  ^ 

0 

0 
10,000  « 
10,000  « 
10,000  M 
10,000  $ 
10,000  § 

Each  dilution  was  inoculated  with  one  loop  of  a  twenty-four  hour  broth  cul- 
ture, and  incubated  for  one  hour,  after  which  0.1  cc.  was  transferred  to  a  tube 
of  melted  agar,  and  plated.  Columns  indicate  approximate  number  of  colonies 
which  developed  in  plates. 

0  =  no  growth;  10,(X)0#  =  approximately  10,000  colonies. 
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that  the  discrepancy  was  due  to  a  variation  in  the  constituents 
of  the  urine,  other  factors  being  constant.  Less  extreme  dilu- 
tions exhibited  no  such  inconstancy. 

Germicidal  strength.  The  technique  for  these  experiments  was 
identical  with  that  for  the  antiseptic  test,  except  that  the  inocu- 
lated dilutions  were  incubated  for  only  one  hour  (instead  of 
twenty-four)  before  0.1  cc.  was  removed  and  plated.  The  sur- 
prising feature  shown  in  table  2  is  that  the  drug  is  almost  as  ef- 
fective in  one  hour  as  in  twenty-four.  In  either  acid  or  alkaline 
urine,  in  a  dilution  of  1 :  10,000,  chlor-mercury  fluorescein  will 
kill  the  colon  bacillus  or  the  staphylococcus  aureus  in  one  hour, 
In  water,  in  the  same  time,  the  same  drug  will  kill  the  colon 
bacillus  in  a  dilution  greater  than  1: 100,000,  which  shows  how 
much  more  difficult  the  problem  of  antisepsis  is  rendered  by  the 
presence  of  urine. 

EXCRETION 

The  excretion  of  chlor-mercury  fluorescein  must  be  considered 
in  two  phases — the  excretion  of  the  dye  and  the  excretion  of 
mercury.  Although  the  mercury  in  the  drug  is  a  part  of  the 
fluorescein  molecule,  being  actually  bound  to  a  carbon  atom  of  a 
benzene  ring,  one  must  take  into  account  the  possibihty  that  the 
mercury  may  be  spUt  out  of  the  molecule  by  processes  in  the 
organism,  and  that  the  products  of  the  cleavage,  fluorescein  and 
mercury  in  some  new  form  of  combination,  may  not  be  excreted  in 
equivalent  amounts.  For  this  reason  the  colorimetric  estima- 
tion of  the  amount  of  the  drug  in  the  urine  gives  no  certain  in- 
formation about  the  amount  of  mercury  present.  It  was  there- 
fore necessary  to  make  a  quantitative  determination  of  mercury 
in  the  urine,  as  well  as  the  colorimetric  estimation  of  the  dye 
output.  The  findings  in  these  two  directions  will  be  discussed 
separately. 

Excretion  of  the  dye.  The  appearance  of  a  strongly  fluorescent 
substance  in  the  urine  may  indicate  unchanged  chlor-mercury 
fluorescein  or  mercury-free  fluorescein.  The  rapidity  of  the 
appearance  is  as  great  as,  if  not  greater  than,  that  of  phenol- 
sulphonphthalein.     Following  the  intravenous  administration  of 
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small  doses  (5  to  10  mgm.)  to  dogs  and  rabbits,  fluorescence  ap- 
pears in  the  urine  within  three  or  four  minutes,  and  with  larger 
doses  (100  mgm.)  we  have  noted  its  appearance  through  a 
catheter  as  early  as  eighty  seconds  after  injection.  By  far  the 
greater  part  of  a  10  mgm.  dose  has  been  eliminated  after  1  hour, 
although  in  some  instances  minute  traces  may  be  detected  after 
several  hours.  Although  the  colorimetric  estimation  of  fluores- 
cent substances  is  rather  inaccurate,  there  can  be  no  doubt  that 
more  than  70  per  cent  of  a  10  mgm.  dose  is  excreted  during  the 
first  hour;  some  of  the  readings  were  as  high  as  90  per  cent. 

The  affinity  of  the  kidneys  for  this  compound,  and  for  phenol- 
sulphonphthalein  and  other  chemically  related  substances,  is 
astounding  when  one  considers  the  extreme  dilution  that  a  5 
mgm.  dose  undergoes  when  injected  into  the  blood  stream  of  an 
a,nimal  weighing  several  million  times  as  much,  yet  the  drug 
(or  the  fluorescein  portion  of  it)  passes  through  the  kidney 
tubules  and  pelvis,  down  the  ureter,  across  the  bladder  and 
through  a  catheter  in  less  than, two  minutes. 

The  localization  of  fluorescent  substance  in  the  kidney  was  dem- 
onstrated by  autopsies  done  upon  dogs  less  than  one  hour  a  ter 
the  intravenous  injection  of  large  doses.  In  these  cases  section 
of  the  kidney  always  showed  an  intense  greenish  coloration,  while 
the  other  organs  had  normal  color.  This  coloration  of  the  kid- 
ney, as  shown  by  autopsies  done  upon  dogs  four  or  five  hours 
after  injection,  is  only  transient,  and  disappears  after  the  excre- 
tion of  fluorescent  substance  has  ceased. 

Excretion  of  mercury.  Various  methods  for  the  quantitative 
determination  of  mercury  were  considered,  that  of  Lomholt  and 
Christiansen  being  chosen  as  offering  the  maximum  of  conven- 
ience and  reliability.  In  order  to  test  the  method,  determina- 
tions were  run  upon  mercury-free  urine  and  upon  urine  to  which 
known  amounts  of  chlor-mercury  fluorescein  had  been  added. 
After  a  few  trials  accurate  results  were  obtained. 

The  results  of  the  analysis  of  urine  from  animals  that  had  been 
given  do^fes  of  the  drug  large  enough  to  produce  antiseptic  urine 
are  given  in  table  3.  These  results  show  that  the  excretion  of 
mercury  is  by  no  means  parallel  to  that  of  the  dye.     Whereas 
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at  least  70  per  cent  of  the  dye  is  excreted  by  rabbits  within  1 
hour,  only  one-sixth  to  one-half  of  the  mercury  is  found  in  the 
urine  within  twenty-four  hours.  The  one  experiment  on  a  dog 
showed  an  excretion  of  only  19  per  cent  of  the  mercury  within 
twenty-four  hours,  and  men  excreted  an  even  smaller  part  of 
the  metal.  Although  the  figures  given  do  not  permit  any  definite 
conclusions  as  to  the  effect  of  the  size  of  the  animal  or  size  of 
dose  on  the  percentage  of  mercury  excreted,  the  small  mercury 
output  as  compared  with  the  large  fluorescein  output  indicates  a 
cleavage  of  chlor-mercury  fluorescein  within  the  organism. 

TABLE  3 

Excretion  of  mercury  in  the  urine  after  injection  of  small  doses  of  chlor-mercury 

fluorescein 


DOSE  OP  CHXCR-MEBCUBT 
FliUOBESCBIN 

MEBCTJBY  IN  UBINE 

TOTAL    Hg 
EXCRETED 

IN 
24  HOUBS 

Hg 

EXCBETED 

After  1 
hour 

After  2 
hours 

After  3 
hours 

After  24 
hours 

IN 
24  HOUBS 

Rabbit  48.... 
Rabbit  49.... 
Rabbit  51.... 
Rabbit  54.... 

Dog  22 

Patient  I 

Patient  II.... 

mgm. 

5(=  1.7  mgm.  Hg) 

5(=  1.7  mgm.  Hg) 

5(=  1.7  mgm.  Hg) 

5(=  1.7  mgm.  Hg) 

25  (=  8.7  mgm.  Hg) 

20  (=  7.0  mgm.  Hg) 

10  (=  3.5  mgm.  Hg) 

mgm. 

0.5 

mgm. 

0.2 
0.6 

mgm. 

0.5 
0.5 

mgm. 

0.2 
0.1 
0.1 
0.4 
0.6 
0.8 
0.3 

m^fm. 

0.7 
0.3 
0.6 
0.4 
1.7 
0.8 
0.3 

per  cent 

41 
18 
35 
23 
20 
11 
8 

When  one  considers  the  minute  amount  of  mercury  present 
in  the  twenty-four  hour  urine  from  a  man  given  10  or  20  mgm. 
of  the  drug — a  dose  that  will  be  showTi  below,  to  produce  defi- 
nitely antiseptic  urine — the  possibiUty  is  suggested  that  the 
antiseptic  substance  in  the  urine  is  not  chlor-mercury  fluorescein 
or  any  other  mercury  compound,  but  that  under  the  influence  of 
the  drug  the  kidney  secretes  some  second  substance  that  pro- 
duces the  antisepsis.  Color  is  lent  this  explanation  by  the 
observations  of  Davis  and  Hain  that  normal  dog  or  rabbit  urine 
is  frequently  antiseptic. 
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TECHNIQUE 

Administration  of  drug.  In  determining  toxicity,  rate  of  elimi- 
nation and  urinary  antisepsis  dogs  and  rabbits  were  used.  In 
general,  the  method  of  procedure  was  to  obtain  the  urine  by 
catheterization  just  before  administration  of  the  drug,  and  again 
at  intervals  of  one,  three  and  five  hours  afterward.  The  drug 
was  used  as  the  sodium  salt,  in  1  per  cent  solution,  given  intra- 
venously. Although  we  carried  out  a  few  experiments  in  which 
the  drug  was  given  by  mouth  and  intramuscularly,  the  investiga- 
tion was  interrupted  before  the  effectiveness  of  these  methods 
of  administration  could  be  determined. 

Catheterization.  Male  animals  were  used,  and  all  catheteriza- 
tions done  with  aseptic  precautions,  after  washing  the  penis  and 
irrigating  the  anterior  urethra  with  1 :  10,000  bichloride.  The 
urethra  of  the  male  rabbit  is  easily  catheterized  with  a  small  soft, 
rubber  catheter.  For  the  dogs,  a  small,  stiff,  olive-tipped,  gum 
catheter  was  found  to  be  most  satisfactory.  All  catheters  were 
sterilized  by  boiling,  and  the  urine  collected  in  sterile  test  tubes. 
Urine  obtained  from  a  normal  animal  by  this  procedure  was 
almost  invariably  sterile,  even  after  incubation. 

Bacteriology.  The  object  was  to  determine  the  antiseptic 
value  (not  the  germicidal  value)  of  each  specimen  of  urine,  that 
is,  to  determine  whether  or  not  the  urine  would  act  as  a  favor- 
able culture  medium.  The  method  of  procedure  was  to  inocu- 
late each  sample  of  urine  with  one  loop  of  a  twenty-four  hour 
culture  of  the  colon  bacillus,  incubate  for  twenty-four  hours  and 
at  the  end  of  that  time,  plate  a  definite  volume  (0.1  cc.)  of  the 
inoculated,  incubated  urine.  This  method,  dependent  upon  ob- 
serving the  number  of  colonies  in  an  agar  plate,  accurately  de- 
termines whether  or  not  the  organism  has  developed  or  died  dur- 
ing the  twenty-four  hour  incubation  period,  and  is  not  open  to 
fallacy  as  is  the  method  of  simply  inspecting  the  incubated  urine 
for  cloudiness,  or  the  method  dependent  upon  determining  change 
in  reaction.  Each  experiment  was  accurately  controlled  by  a 
specimen  of  urine  obtained  just  before  administration  of  the  drug, 
and  inoculated  and  subjected  to  identically  the  same  conditions 
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as  those  specimens  obtained  at  intervals  after  injection.  It 
should  be  pointed  out  here  that,  as  shown  by  Davis  and  Hain, 
normal  dog  and  rabbit  urine  sometimes  acts  as  an  unfavorable 
culture  medium  for  the  colon  bacillus,  and  may  even  kill  this 
organism  after  several  hours.  We  have  never  observed  a  failure 
of  the  organisms  to  grow  in  normal  human  urine.  On  account 
of  this  fact  it  was  necessary  to  run  with  each  experiment  a  con- 
trol of  urine  obtained  just  before  administration  of  the  drug. 
All  experiments  not  so  controlled  were  discarded. 

In  most  of  the  experiments  only  the  colon  bacillus  was  used, 
while  in  others  the  antiseptic  action  of  the  urine  toward  the 
staphylococcus  aureus  and  staphylococcus  albus  was  also  de- 
termined. In  the  latter  case,  each  specimen  of  urine  (including 
one  specimen  obtained  before  the  administration  of  the  drug, 
and  one,  two  or  three  specimens  obtained  at  intervals  afterward) 
was  divided  into  four  equal  parts  (each  containing  2  cc.)  in  sterile 
test  tubes.  Of  these  four  portions,  three  were  inoculated  with 
one  loop  of  a  twenty-four  hour  broth  culture  of  colon  bacillus, 
staphylococcus  aureus  and  staphylococcus  albus  respectively, 
the  remaining  one  was  not  inoculated  at  all,  and  the  four  were 
then  incubated  at  37°C.  At  the  end  of  twenty-four  hours,  0.1  cc. 
was  transferred  from  each  tube  of  urine  with  a  sterile  capillary 
pipette  to  melted  agar  and  plated.  The  plates  were  inspected 
after  twenty-four  hours  and  after  forty-eight  hours.  A  plate 
showing  no  colonies,  or  very  few  colonies,  (less  than  100)  proved 
that  particular  specimen  of  urine  to  be  antiseptic,  while  the  pres- 
ence of  countless  numbers  of  colonies  (designated  in  the  tables 
by  the  infinity  sign,  <» )  showed  that  the  organism  had  grown  and 
developed  and  that  the  urine  had  acted  as  a  favorable  culture 
medium.  Since  0.1  cc.  of  urine,  plated  from  a  2  cc  sample  immedi- 
ately after  inoculation  with  one  loop  of  a  twenty-four  hour  broth 
culture  of  the  colon  bacillus,  will  show  several  thouand  colonies, 
there  can  be  no  question  that  the  presence  of  only  one  hundred 
colonies,  or  less,  in  a  plate  containing  0.1  cc.  of  inoculated,  incu- 
bated urine,  proves  that  specimen  of  urine  to  be  antiseptic.  It 
was  advisable  to  incubate  a  portion  of  uninoculated  urine  from 
each  specimen,  simply  to  prove  that  that  particular  specimen 
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was  sterile,  so  that,  in  case  growth  should  take  place  in  any  of 
the  inoculated  portions,  it  would  be  certain  that  the  growth  was 
due  to  the  inoculating  organism  and  not  to  contamination. 

SECRETION   OF   ANTISEPTIC   URINE 

Rabbits.  With  rabbits  (see  table  4)  we  were  able  consistently 
to  produce  antiseptic  urine  for  a  period  of  at  least  one  hour  fol- 
lowing the  intravenous  injection  of  5  mgm.  of  the  drug.  Out  of 
seven  rabbits  receiving  5  mgm.  (about  2.5  mgm.  per  kilogram) 
the  urine  obtained  before  injection  acted  as  a  favorable  culture 
medium  in  all,  while  the  urine  obtained  one  hour  after  injection, 
in  all  cases  but  one,  killed  the  colon  bacillus.  The  urine  of  one 
rabbit,  obtained  two  hours  after  injection,  still  retained  its  anti- 
septic action.  In  two  instances,  the  specimen  of  urine  obtained 
three  hours  after  injection  was  still  distinctly  inhibitory,  although 
not  all  of  the  organisms  were  killed;  and  one  of  these  rabbits 
(38),  catheterized  at  intervals  of  one,  three  and  five  hours,  nicely 
shows  the  transient  effect  of  the  drug  in  the  urine;  that  is,  after 
one  hour  the  urine  was  germicidal,  after  three  hours,  inhibitory, 
and  after  five  hours  it  had  again  become  a  favorable  culture 
medium.  The  specimens  of  urine  from  rabbit  79,  which  was 
given  20  mgm.,  were  inoculated  not  only  with  the  colon  bacillus 
but  also  with  staphylococcus  aureus  and  staphylococcus  albus. 
This  mixed  culture  was  killed  in  the  two-hour  specimen,  but  was 
permitted  to  grow  in  the  five-hour  specimen.  The  urine  of  rab- 
bit 35  (after  15  mgm.)  was  the  only  one  to  retain  its  antiseptic 
action  for  as  long  as  five  hours.  A  dose  smaller  than  5  mgm.  was 
ineffective.  Of  three  rabbits  receiving  2.5  mgm.  each,  the  urine 
of  one  (36)  was  inhibitory,  while  the  other  two  permitted  growth. 

In  order  to  demonstrate  the  necessity  of  the  fluorescein  por- 
tion of  the  molecule  in  causing  the  action  in  the  urinary  tract,  a 
rabbit  was  given,  intravenously,  an  amount  of  mercuric  chloride 
(4.7  mgm.)  containing  the  same  amount  of  mercury  as  does  10 
mgm.  of  chlor-mercury  fluorescein,  which  is  twice  the  antisepsis- 
producing  dose.  The  specimens  of  urine  obtained  one  and  three 
hours  after  the  injection  of  mercuric  chloride  both  permitted 
growth  of  the  colon  bacillus. 
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Dogs.  Regardless  of  the  size  of  the  dog,  a  5  mgm.  dose  was  ef- 
fective in  producing  antiseptic  urine.  It  is  important  to  note 
that  this  was  the  same  dose  as  was  required  in  rabbits.  Of  the 
dogs  listed  in  table  5,  each  of  which  received  5  mgm.  intrave- 


TABLE  4 


The  secretion  of  antiseptic  urine  by  rabbits  following  the  intravenous  administration 
of  small  doses  of  chlor-mercury  fluorescein 


NUMBER 

OP    COLONIES    WHICH    DEVELOPED    IN    AGAR 

PLATE 

CONTAINING    0.1    CC.    OF    URINE    WHICH    HAD 

DOSE 

APPAR- 
ENT 
EFFECT 

UPON 
ANIUAI. 

ALBU- 
MIN 

CASTS 

PKEVIOUSLT      BEEN      INOCULATED     AND     INCUBATED 
FOR  24  HOURS 

RABBIT 

Urine 
obtained 

just 
_  before 

Urine 

obtained 

1  hour 

after 

Urine 
obtained 
2  hours 

after 

Urine 
obtained 
3  hours 

after 

Urine 

obtained 

5  hours 

after 

injection 

injection 

injection 

in'cction 

injection 

mgm. 

79 

20 

None 

+  * 

? 

00 

0 

0 

00 

35 

15 

None 

- 

None 

00 

0 

0 

28 

10 

None 

— 

None 

00 

0 

38 

5 

None 

- 

None 

00 

0 

500# 

00 

35 

5 

None 

— 

None 

00 

0 

28 

5 

None 

— 

None 

00 

0 

48 

5 

None 

— 

None 

00 

0 

49 

5 

None 

— 

None 

GO 

0 

51 

5 

None 

- 

None 

CO 

500# 

38 

5 

None 

— 

None 

oo 

00 

36 

2.5 

None 

— 

None 

00 

50« 

28 

2.5 

None 

— 

None 

00 

00 

38 

2.5 

None 

— 

None 

oo 

oo 

*  Transient. 

All  specimens  of  urine  (excepting  those  of  rabbit  79)  were  inoculated  with  one 
loop  of  a  twenty-four  hour  broth  culture  of  the  colon  bacillus.  The  specimens 
from  rabbit  79  were  inoculated  with  colon  bacillus  and  also  with  staphylococcus 
aureus  and  staphylococcus  albus. 

Examinations  for  casts  and  albumin  were  made  on  the  first  or  second  day 
following  the  administration  of  the  drug. 

50  jH  =  Approximately  50  colonies. 


nously,  the  urine  obtained  before  injection  permitted  growth  of 
the  colon  bacillus,  while  the  plates  poured  from  the  specimens  of 
urine  obtained  one  hour  later  with  only  one  exception  were 
sterile.  This  exception  (dog  21)  may  be  accounted  for  by  the 
fact  that  at  the  time  there  was  a  marked  diuresis,  and  hence  a 
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dilution  of  the  drug.  Each  of  the  dogs,  excepting  dog  20,  weighed 
about  10  kgm.  This  one  dog  was  unusually  large,  weighing  25 
kgm.,  yet  the  5  mgm.  dose  was  effective,  just  as  with  the  smaller 
dogs.  A  five-hour  specimen  obtained  in  this  instance  permitted 
growth  and  therefore  demonstrates  the  transient  nature  of  the 
antiseptic  action. 

Several  dogs  were  given  10  mgm.  per  kilogram,  which  amounted 
to  an  actual  dose  of  about  100  mgm.,  since  most  of  the  dogs 
weighed  very  close  to  10  kgm.     In  all  cases,  the  urine  following 

TABLE  5 


The  secretion  of 

antisept 

ic  urine  by  dogs  following  the  intravenous  administration 

of  small  doses 

of  chlor- 

mercury  fluorescein 

Doa 

DOSE 

APPARENT 
EFFECT 

UPON 
ANIMAL 

ALBUMIN 

CAST8 

NUMBER    OP    COLONIES    WHICH     DEVELOPED  IN 
AGAR    PLATE    CONTAINING    0.1    CC.    OP    URINE 
WHICH    HAD    PREVIOUSLY    BEEN    INOCULATED 
AND  INCUBATED  FOR  24  HOURS 

Urine  obtained 
just  before 
injection 

Urine  obtained 

1  hour  after 

injection 

Urine  obtained 

5  hours  after 

injection 

mgm. 

13 

5 

None 

— 

None 

00 

0 

21 

5 

None 

— 

None 

CO 

00 

00 

11 

5 

None 

— 

None 

00 

0 

12 

5 

None 

— 

None 

00 

0 

20 

5 

None 

- 

None 

CX) 

0 

CO 

.    10 

5 

None 

- 

None 

CO 

0 

18 

35 

None 

— 

None 

03 

0 

00 

All  specimens  of  urine  were  inoculated  with  one  loop  of  a  twenty-four  hour 
broth  culture  of  colon  bacillus. 

Examinations  for  casts  and  albumin  were  made  on  the  first  or  second  day  fol- 
lowing the  administration  of  the  drug. 

this  dose  was  very  strongly  antiseptic,  and  the  antiseptic  action 
was  maintained  for  at  least  five  hours.  In  all  cases,  the  drug 
was  so  conceutrated  in  the  urine  that  0.1  cc.  of  the  urine  added 
to  10  cc.  of  melted  agar  rendered  the  latter  antiseptic  towards 
the  colon  bacillus.  In  other  words  one  hundred  parts  of  melted 
agar  plus  one  part  of  urine  (after  100  mgm.  dose),  plus  one  loop 
of  a  broth  culture  of  the  colon  bacillus,  plated  immediately  and 
incubated,  showed  no  growth;  the  control  of  inoculated  agar 
without   the  drug-containing  urine   of   course   showed   several 
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thousand  colonies.  A  similarly  conducted  experiment  did  not 
completely  inhibit  the  development  of  the  staphylococcus  aureus, 
the  plate  showing  about  1000  colonies.  The  length  of  time  nec- 
essary for  the  urine  (following  the  100  mgm.  dose)  to  kill  (rather 
than  simply  to  inhibit)  the  colon  bacillus  was  not  determined, 
although  we  know  that  this  time  is  more  than  one  hour  and  less 
than  twenty-four  hours.  Preliminary  experiments  conducted  by 
plating  at  intervals  0.1  cc.  amounts  of  inoculated  urine  (obtained 
after  100  mgm.  dose)  led  us  to  believe  that  the  colon  bacillus 
was  killed  in  a  few  seconds;  but,  since  it  was  later  demonstrated 
that  the  plates  showed  growth  when  loops  (instead  of  the  larger 
0.1  cc.  amounts)  of  inoculated  urine  were  transferred,  it  was 
proved  that  the  apparent  rapid  germicidal  action  was  in  reality 
merely  antiseptic  action  exerted  in  the  agar  by  the  small  quantity 
of  urine  (0.1  cc.)  transferred. 

As  demonstrated  by  the  following  experiment,  a  5  mgm.  per 
kilogram  dose  is  also  strongly  antiseptic.  With  a  catheter  which 
had  been  used  in  the  animal  room  for  weeks  without  steriliza- 
tion, a  female  dog  (18)  was  catheterized  before  and  after  the  ad- 
ministration of  5  mgm.  per  kilogram  (actual  dose  35  mgm.). 
Since  no  aseptic  precautions  whatever  were  taken,  both  speci- 
mens of  urine  were  necessarily  contaminated  with  the  flora  of  the 
vagina  and  of  the  unsterile  catheter.  Furthermore,  the  speci- 
mens were  collected  in  test  tubes  which  were  chemically,  but  not 
bacteriologically  clean,  and  were  filtered  through  unsterile  filters. 
Plates  poured  immediately,  using  0.1  cc.  of  urine  from  each 
specimen,  showed  about  10,000  colonies  before  injection  and 
about  1000  colonies  after  injection.  When  the  urine  was  incu- 
bated twenty-four  hours  before  pouring  plates,  that  taken  before 
injection  showed  a  countless  number  of  colonies,  while  that  taken 
one  hour  after  injection  was  sterile  (see  table  5). 

Man.  An  initial  experiment  proved  that  the  drug  was  rap- 
idly excreted  by  man  as  well  as  by  animals.  Up  to  the  present 
we  have  given  the  drug  to  only  three  patients,  in  doses  of  5, 
10  and  25  mgm.,  respectively.  After  preliminary  examination 
showed  that  the  urine  was  normal,  the  experiment  was  conducted 
with  exactly  the  same  technique  as  was  used  for  dogs  and  rabbits. 
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Specimens  of  urine  obtained  by  aseptic  catheterization  just  be- 
fore the  administration  of  the  drug  and  1  hour  afterwards  were 
inoculated  and  incubated,  and  plated  twenty-four  hours  later. 
Those  patients  who  received  10  and  25  mgm.,  respectively, 
secreted  urine  one  hour  later  which  became  sterile  after  inocula- 
tion with  the  colon  bacillus,  staphylococcus  aureus  and  staphy- 
lococcus albus;  the  control  urines,  as  well  as  the  urine  from  the 
patient  receiving  5  mgm.,  permitted  the  growth  of  all  three 
organisms,  both  before  and  after  the  injection.  Although  these 
data  are  insufficient  to  permit  conclusions,  these  preliminary 
results  with  man  are  in  accord  with  our  findings  in  the  case  of 
rabbits  and  dogs,  viz.,  that  the  antisepsis-producing  dose  is  de- 
pendent upon  urine  volume  rather  than  upon  body  weight,  and 
that  exceedingly  small  doses  may  be  effective  in  spite  of  the 
large  size  of  the  animal.  There  was  no  appearance  of  albumin, 
casts  or  other  ill  effects  in  any  of  the  patients  who  received  the 
drug. 

TOXICITY 

Rabbits.  As  shown  in  table  4,  the  antisepsis-producing  dose 
(5  mgm.)  causes  no  albuminuria,  and  has  no  apparent  effect  upon 
the  animal.  This  is  also  true  of  the  10  mgm.  dose  (approxi- 
mately 5  mgm.  per  kilogram) ;  furthermore,  this  dosage  may  be 
given  daily,  without  apparent  ill  effect,  for  an  indefinite  period. 
Rabbits  49  and  54  were  treated  in  this  way,  receiving  daily 
small  doses  of  5  and  10  mgm.  during  a  period  of  two  months, 
until  a  total  of  305  mgm.  each  had  been  reached.  During  this 
period,  one  rabbit  had  a  slight  transient  albuminuria  following 
the  administration  of  20  mgm.  in  a  single  dose.  Other  than  this, 
neither  rabbit  had  albumin  or  casts  in  the  urine,  either  during  or 
following  the  period  of  daily  injection.  After  the  drug  was  dis- 
continued they  appeared  normal  in  every  respect  and  the  renal 
function,  as  measured  by  the  phenolsulphonphthalein  test,  was 
the  same  as  before  the  injections  were  begun,  that  is,  70  per  cent 
in  one  hour.  One  of  these  rabbits  (54)  was  sacrificed  two  weeks 
later.  The  gross  autopsy  was  negative,  and  microscopical  sec- 
tions of  the  kidney  were  normal. 
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Although  a  daily  repeated  dose  of  10  mgm.  may  apparently 
be  continued  ad  libitum  without  effect,  20  mgm.  (to  an  average- 
sized  adult  rabbit)  will  produce  a  transient  albuminuria  lasting 
about  one  day,  while  20  mgm.  per  kilogram  is  usually  fatal,  the 
rabbit  dying  within  several  hours,  death  being  preceded  by  diar- 
rhoea. The  lethal  single  dose  (about  40  mgm.  to  a  large  rabbit) 
is  therefore  not  much  larger  than  the  dose  which  may  be  re- 
peated daily  for  an  indefinite  period  without  harm.  Several 
other  rabbits  were  given  a  total  of  more  than  100  mgm.  in  daily 
doses  of  5,  10  or  15  mgm.  without  the  production  of  casts  or 
albumin  and  with  no  other  apparent  effect.  In  conclusion  it 
may  be  stated  therefore  that  chlor-mercury  fluorescein  may  be 
given  to  rabbits  in  5  mgm.  per  kilogram  daily  doses  ad  libitum, 
without  danger;  10  mgm.  per  kilogram  is  apt  to  cause  a  transient 
albuminuria  and  20  mgm.  per  kilogram  is  usually  fatal.  The 
average  lethal  single  dose  is  eight  times  the  antisepsis-producing 
dose. 

Dogs.  The  results  obtained  with  dogs  and  rabbits  were  strik- 
ingly similar  and  a  comparison  of  the  two  permits  certain  definite 
conclusions.  For  dogs  as  noted  above  the  antisepsis-producing 
dose  (5  mgm.)  is  the  same  as  for  rabbits;  not  the  same  per  kilo- 
gram, but  the  same  actual  dose.  Most  of  the  dogs  experimented 
with  weighed  approximately  10  kgm.,  and  with  these  dogs  the 
lethal  single  dose  was  approximately  200  mgm. ;  that  is,  20  mgm. 
per  kilogram,  the  same  as  with  rabbits.  All  dogs  but  one  died 
within  several  hours  after  receiving  as  much  as  20  mgm.  per 
kilogram,  the  injection  being  usually  followed  immediately  by 
vomiting.  The  larger  doses  (50  mgm.  per  kilogram)  caused 
vomiting,  bowel  movement  and  death  within  a  few  minutes. 

Several  dogs  were  given  10  mgm.  per  kilogram  in  a  single  dose 
without  apparent  effect,  except  that  some  of  them  vomited  im- 
mediately after  injection.  Among  these  dogs,  an  occasional 
slight  transient  albuminuria  without  casts  was  noted,  but  this 
condition  was  also  occasionally  observed  with  normal  uninjected 
dogs.  Following  this  dose,  no  dog  suffered  an  impairment  of 
renal  function,  as  demonstrated  by  the  phenolsulphonphthalein 
test;  nor  did  any  dog  show  a  decrease  in  the  twenty-four  hour 
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output  of  urine.  Dog  13  survived  a  nephrectomy  performed 
seven  days  after  the  administration  of  100  mgm.  Microscopic 
examination  of  this  kidney  showed  normal  renal  tissue.  Dog  17 
showed  no  albumin  or  casts  and  no  impairment  of  renal  function 
(phenolsulphonphthalein  test)  immediately  following  the  daily 
administration  of  5  mgm.  per  kilogram,  for  four  consecutive  days. 
The  absence  of  renal  injury  is  further  demonstrated  by  the  fact 
that  by  the  administration  of  100  mgm.  doses  the  ability  of  the 
kidney  to  secrete  antiseptic  urine  following  a  5  mgm.  dose  is 
not  destroyed. 

TABLE  6 

Ratio  of  single  lethal  dose  of  chlor-mercury  fluorescein  to  antisepsis-producing  dose 

for  rabbit,  dog  and  man 


Rabbit . 
Dog... 
Man . . . 


AVERAGE 
■WEIGHT 


kgm. 

2 
10 
70 


ANTISEPSIS  PRODUCING 
DOSE 


Grama 


0.005 
0.005 
0.01* 


Grams  per 
kilogram 


0.0025 
0.0005 
0.00014 


SINGLE  LETHAL  DOSE 


Grams  per 
kilogram 


0.02 
0.02 
0.02t 


Grams 


0.04 

0.2 

1.4 


RATIO  OF 

ANTISEPSIS- 
PRODUCING 
DOSE  TO 
SINGLE 
LETHAL 
DOSE 


1  to  8 
1  to  40 
1  to  140 


*  Based  upon  one  experiment  only. 

t  Based  upon  the  assumption  that  the  lethal  dose  per  kilogram  for  man  is  the 
same  as  that  for  rabbits  and  dogs  (20  mgm.). 


The  maximum  total  dosage  was  given  to  dog  10  which,  dur- 
ing a  period  of  one  month,  received  a  total  of  2040  mgm.  in 
10  mgm.  per  kilogram  (120  mgm.)  doses,  given  not  oftener  than 
once  daily.  The  lack  of  renal  injury  is  demonstrated  best  of 
all  by  this  dog  which,  after  receiving  more  than  2  grams  of  chlor- 
mercury  fluorescein,  showed  no  albuminuria  or  other  evidence 
of  renal  impairment.  When  the  dog  was  sacrificed,  one  month 
after  the  last  injection  (phenolsulphonphthalein  output,  70  per 
cent;  no  albumin  or  casts),  the  gross  autopsy  was  normal  and 
microscopic  sections  of  the  kidney  and  liver  were  likewise 
normal. 

As  with  rabbits  therefore  the  lethal  single  dose  for  dogs  is  20 
mgm.  per  kilogram.     One-fourth  of  this  dose  however  or  even 
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half  may  be  given  daily  ad  libitum  without  ill  effect.  The  lethal 
single  dose  is  approximately  40  times  the  antisepsis-producing 
dose. 

Man.  Obviously  the  lethal  dose  of  any  drug  for  man  must 
be  computed  from  values  obtained  experimentally  in  animals. 
As  the  experiments  already  described  fix  the  lethal  dose  for  dogs 
and  rabbits  at  20  mgm.  per  kilogram,  we  have  as  the  lethal  dose 
for  a  man  of  70  kgm.  1.4  grams.,  if  we  make  the  probable  as- 
sumption that  the  toxicity  for  man  is  the  same  as  for  the  other 
animals.  Moreover  as  dogs  withstand  daily  doses  of  10  mgm. 
per  kilogram  over  a  long  period  without  any  evidence  of  injury,  it 
follows  that  a  man  should  safely  tolerate  0.7  gram  daily.  When 
it  is  considered  that  the  antisepsis-producing  dose  for  man  may 
be  as  low  as  10  mgm.,  and  is  certainly  not  more  than  20  mgm.,  it 
is  seen  that  it  should  be  theoretically  possible  to  administer  an 
antisepsis-producing  dose  even  as  often  as  once  every  hour,  thus 
certainly  keeping  the  urine  constantly  antiseptic,  and  still  re- 
main well  within  a  limit  that  has  been  shown  to  be  entirely  harm- 
less to  dogs. 

SUMMARY 

The  synthetic  compound  chlor-mercury  fluorescein  is  excreted 
by  the  kidney  after  intravenous  injection  as  rapidly  as  is  phenol- 
sulphonphthalein.  Nearly  all  of  the  dye  is  excreted  by  the  nor- 
mal kidney  a  short  time  after  injection  but  this  excretion  is  ac- 
companied by  a  cleavage  in  the  organism  into  fluorescein  and 
some  form  of  mercury  combination.  The  percentage  of  the 
fluorescein  excreted  is  large  as  estimated  colorimetrically  but  only 
a  small  part  of  the  total  injected  mercury  appears  in  the  urine 
within  twenty-four  hours.  The  lack  of  toxic  effects  either  im- 
mediate or  cumulative  after  large  and  repeated  doses  makes  it 
probable  that  the  mercury  may  find  its  exit  in  the  feces. 

In  either  acid  or  alkahne  urine  (in  vitro)  chlor-mercury  fluo- 
rescein will  inhibit  the  development  of  the  colon  bacillus  or  the 
staphylococcus  aureus  in  a  dilution  at  least  as  great  as  1-10,000. 
It  is  more  efficient  in  acid  than  in  alkaline  urine. 
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The  intravenous  administration  of  minute  doses  (5  to  10  mgm.) 
to  rabbit,  dog  or  man  will  cause  the  secretion  of  antiseptic  urine 
for  a  definite  period  of  time.  The  size  of  the  antisepsis  produc- 
ing dose  is  not  proportional  to  body  weight  and  is  approximately 
the  same  for  the  three  animals. 

The  antisepsis  producing  dose  is  well  within  the  toxic  limit. 
The  single  lethal  dose  for  rabbits  and  dogs  is  approximately  20 
mgm.  per  kilogram  of  body  weight.  Half  this  dose  however  (10 
mgm.  per  kilogram)  may  be  given  daily  to  dogs  without  any 
ill  effects.  One  dog  received  a  total  of  more  than  2  grams. 
Five  milligrams  per  kilogram  may  be  given  daily  to  rabbits  for 
an  indefinite  period.  The  computed  lethal  single  dose  for  man 
is  about  140  times  the  antisepsis  producing  dose. 

No  clinical  value  is  yet  claimed  for  this  drug,  but  we  believe 
that  it  is  worthy  of  a  clinical  investigation.  This  has  already 
been  begun  and  will  be  reported  upon  in  due  time.  The  work 
reported  has  however  accomplished  a  definite  purpose  from  an 
experimental  point  of  view:  it  has  shown  that  minute  doses  of  a 
drug  possessing  the  necessary  localizing  tendency  may  cause  an 
animal  to  secrete  urine  that  is  definitely  antiseptic;  and  it  has 
shown  the  possibilities  offered  in  this  field  by  synthetic  chemistry. 

The  authors  wish  to  express  their  thanks  to  Dr.  A.  H.  Clark, 
of  the  Department  of  Pathology,  Johns  Hopkins  Medical  School, 
for  his  kindness  in  examining  the  microscopic  sections  reported 
upon  in  this  paper. 
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URINARY  ANTISEPSIS— THE  SECRETION  OF  ANTI- 
SEPTIC URINE  FOLLOWING  THE  INTRAVENOUS 
ADMINISTRATION  OF  ACRIFLAVINE  AND  PRO- 
FLAVINE^—PRELIMINARY  REPORT 

EDWIN  G.  DAVIS  and  EDWIN  C.  WHITE 

From  the  James  Btichanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

The  possibility  of  employing  the  principles  of  synthetic  chem- 
istry and  subjecting  a  given  molecule  to  certain  modifications, 
so  that  certain  desirable  physiological  properties  are  acquired^ 
while  the  original  properties  are  retained,  has  been  demonstrated. 
In  other  publications  (Davis,  Davis  and  WTiite,  and  Davis, 
White  and  Rosen)  the  synthesis  and  properties  of  chlor-merciuy 
fluorescein,  an  experimentally  efficient  internal  urinary  antisep- 
tic, have  been  described.  This  compound  was  logically  synthe- 
sized according  to  certain  definitely  established  principles,  by  the 
knowledge  of  which  it  was  possible  to  couple  an  antiseptic  agent 
with  a  molecule  of  certain  definite  chemical  structure,  known  to 
possess  the  property  of  becoming  rapidly  localized  in  the  uri- 
nary tract.  It  is  not  the  purpose  of  this  paper  to  discuss  the  need 
of  an  efficient  internal  urinary  antiseptic,  but  merely  to  present 
briefly  the  results  of  preliminary  experiments  with  acriflavine, 
which  indicate  that  this  drug  may  prove  to  be  of  value.  The 
experiments  with  acriflavine  differed  essentially  from  those  with 
chlor-mercury  fluorescein  in  that  the  synthesis  of  the  former  was 
not  the  result  of  a  logical  procedure  with  an  internal  urinary  anti- 
septic as  the  goal.  The  properties  of  this  drug  were  discovered 
during  the  course  of  a  routine  examination  of  a  large  niunberof 
compounds,  including  many  coal  tar  dyes  studied  with  a  view 
to  determining  their  antiseptic  properties  in  urine  and  chosen 
without  regard  to  chemical  structiu-e. 

^  Preliminary  report. 
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Browning,  Gulbransen,  Kennaway  and  Thornton  have  de- 
scribed certain  propertiies  of  proflavine  and  acriflavine.  These 
authors  have  shown  that  acriflavine  (diamino-methyl-acridinium 
chloride)  is  a  very  powerful  antiseptic,  and  that  it  differs  from 
all  the  antiseptics  in  general  use  in  that  its  strength  is  increased 
by  the  presence  of  serum.  In  the  latter  medium  ''its  bacteri- 
cidal potency  for  staphylococcus  aureus  is  800  times  that  of  chlor- 
amine-T.  or  carbolic  acid,  and  20  times  that  of  corrosive  subli- 
mate." They  also  state  that  with  the  ordinary  antiseptics  an 
efficient  concentration  is  also  sufficient  to  terminate  all  effective 
phagocytic  action ;  while  in  the  case  of  acriflavine,  phagocytosis 
proceeds  actively  even  in  a  concentration  200  times  greater  than 
is  necessary  to  kill  micro-organisms. 

Considering  the  previously  described  loss  of  antiseptic  action 
of  so  many  of  our  own  synthetic  compounds  when  diluted  with 
urine  in  a  test  tube,  and  considering  the  potency  of  the  flavines 
in  serum,  as  observed  by  the  English  authors,  it  was  thought 
worth  while  to  test  the  antiseptic  efficiency  of  the  latter  com- 
pounds in  a  urine  medium.  Experiments  conducted  along  these 
lines  showed  that  the  flavines  are  likewise  efficient  in  urine,  par- 
ticularly so  in  alkaline  urine.  Experiments  to  determine  their 
route  of  excretion  then  showed  that  these  drugs,  administered  to 
animals  either  intravenously  or  per  os,  appeared  in  the  urine. 
Furthermore,  preliminary  experiments  indicate  that  the  anti- 
septic strength  of  acriflavine  is  not  lost  by  passage  through  the 
a,nimal  body,  and  that  doses  sufficient  to  render  the  urine  anti- 
septic are  not  toxic.  On  account  of  the  was  it  was  necessary  to 
discontinue  this  investigation  just  after  it  was  well  under  way, 
and  the  data  are  therefore  quite  incomplete.  The  following  re- 
sults, however,  seem  of  sufficient  interest  to  record. 

ANTISEPTIC  STRENGTH  IN  URINE 

The  antiseptic  strength  of  acriflavine  and  proflavine,  in  both 
acid  and  alkaline  urine,  against  the  colon  bacillus  and  the  staphy- 
lococcus aureiis,  was  determined.  In  order  that  the  reaction  of 
the  acid  and  alkaline  urine  used  from  day  to  day  in  these  experi- 
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ments  might  be  constant,  certain  definite  degrees  of  hydrogen 
ion  concentration  were  arbitrarily  decided  upon  (pa  6.0  on  the 
acid  side  of  the  scale,  and  Pn  8.0  on  the  alkaline  side),  and  the 
specimens  of  urine  daily  titrated  to  these  end  points.  Details 
of  the  technique  of  the  titration  and  of  the  bacteriological  tech- 
nique have  been  published  elsewhere  (Davis,  White  and  Rosen). 
The  table  of  antiseptic  strength  (table  1)  indicates  the  highest 
dilution  of  the  drug  in  urine  which  permitted  growth  during  an 
incubation  period  of  twenty-four  hours.  Each  dilution  (in  a 
sterile  test  tube)  was  inoculated  with  one  loop  of  a  twenty-four 
hour  broth  culture  of  colon  bacillus  or  staphylococcus  aureus,  and 


The  antiseptic 

TABLE  1 
strength  of  acriflavine  diluted  in  urine 

COLON  BACILLCS 

STAPHYLOCOCCUS  AUBEC8 

Acid  urine 
(Ph.  6.0) 

Alkaline  urine 
(Ph.  8.0) 

Acid  urine 
(Ph.  6.0) 

Alkaline  urine 
(Ph.  -80) 

Dilution  which  inhibits  de- 
velopment  

1:5,000 
1:7,500 

1 :  100,000 
1:200,000* 

1 :  75,000 
1 :  100,000* 

1:100,000 
1 :  200,000* 

Dilution      which      permits 
growth 

*  In  repeating  the  experiment  several  times  it  was  observed  that  even  these 
extreme  dilutions  usually  killed  the  organism,  but  occasionally  permitted  growth. 
This  discrepancy  was  probably  due  to  variations  in  the  composition  of  the  urine, 
other  factors  being  constant. 

at  the  end  of  twenty-four  hours  0.1  cc.  was  plated.  A  sterile 
plate  indicated  an  inhibitory  concentration  of  the  drug,  while  the 
presence  of  numerous  colonies  showed  that  growth  had  taken 
place  during  the  incubation  period. 

Table  1  also  shows  the  remarkable  effect  which  the  reaction  of 
a  urine  medium  may  have  in  influencing  the  efficiency  of  an  an- 
tiseptic. Acriflavine  restrains  the  growth  of  both  organisms  in 
alkaline  urine  in  very  high  dilution  (1:  100,000).  In  acid  urine 
also  it  is  equally  efficient  against  the  staphylococcus,  but  loses 
its  efifect  on  the  colon  bacillus  in  a  dilution  somewhere  between 
1 :  5,000  and  1 :  7,500.  This  result  may  be  considered  fortunate, 
because  a  urinary  antiseptic,  relatively  more  efficient  in  alkaline 
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urine,  is  much  more  desirable  than  one  which  acts  better  in  acid 
urine.  It  is  a  relatively  simple  matter  to  render  the  urine  alka- 
line, whereas  there  is  no  known  method  of  causing  more  than  a 
very  slight  increase  in  the  acidity  of  urine.  Using  mono-sodium 
phosphate,  Henderson  and  Palmer  were  unable  to  produce  a 
change  in  the  hydrogen  ion  concentration  of  the  urine  greater 
than  from  Pn  6.8  to  Pa  6.0;  whereas,  with  sodium  bicarbonate  they 
were  able  to  easily  make  the  urine  very  alkaline.  The  highest 
degree  of  alkalinity  reached  by  this  medication  was  Pa  8.7. 

The  technique  for  testing  the  germicidal  strength  of  acriflavine 
in  urine  was  the  same  except  that  the  inoculated  dilutions  were 
incubated  for  ony  one  hour  (instead  of  twenty-four)  before  0.1 
cc.  was  transferred  to  the  agar  plate.     Table  2  shows  that  acri- 

TABLE  2 
The  germicidal  strength  of  acriflavine  diluted'in  urine 


COLON  BACILLUS 

STAPHYLOCOCCUS  AUKBU8 

.  Acid  urine 
(Ph.  6.0) 

Alkaline 

urine 
(Ph.  8.0) 

Acid  urine 
(Ph-  6.0) 

Alkaline 

urine 
(Ph.  8.8) 

Dilution  which  kills  in  1  hour 

Dilution  which  fails  to  kill  in  1  hour 

1:200 
1:500 

1 :  1,000 
1 :  10,000 

1:1,000 
1 :  10,000 

1:1,000 
1 :  10,000 

flavine  does  not  kill  rapidly,  and  that  its  value  lies  therefore  in 
its  antiseptic  rather  than  in  its  germicidal  strength.  Here,  as 
with  the  antiseptic  test,  is  shown  a  relative  weakness  against 
the  colon  bacillus  in  acid  urine. 

Experiments  with  proflavine  show  that  this  drug  likewise 
retains  its  antiseptic  powers  in  urine,  and  likewise  exhibits  a 
relative  weakness  against  the  colon  bacillus  in  acid  urine.  It 
further  resembles  acriflavine  in  that  it  inhibits  the  colon  bacillus 
in  high  dilution  in  alkaline  urine,  and  inhibits  the  staphylococcus 
regardless  of  the  reaction  of  the  urine.  The  two  drugs  are  quite 
similar,  excepting  that  acriflavine  is  effective  in  somewhat  higher 
dilution,  and  would  therefore  seem  to  be  the  drug  of  choice  for 
use  as  an  internal  urinary  antiseptic." 
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EXCRETION 


The  appearance  time  of  acriflavine  in  the  urine  after  admin- 
istration has  not  been  determined,  nor  have  accurate  quantitative 
estimations  been  made.  This  would  be  difficult  since  the  yellow 
color  of  the  drug  renders  a  colorimetric  estimation  inaccurate. 
A  10  mgm.  intravenous  dose  of  proflavine  or  acraflavine  (to 
rabbits)  appears  in  the  urine  at  sometime  during  the  first  hour 
after  inject  on,  and  continues  to  be  excreted  for  about  four 
hours.     Further  than  this  we  have  no  accurate  data. 

THE    SECRETION   OF   ANTISEPTIC    URINE 

Technique.  Experiments  determining  the  antiseptic  properties 
of  the  urine  of  rabbits  after  the  administration  of  acriflavine  were 
carried  on  with  exactly  the  same  technique  as  has  been  published 
elsewhere  in  describing  the  results  obtained  with  chlor-mercury 
fluorescein  as  an  internal  urinary  antiseptic.  The  animals  were 
catheterized,  with  aseptic  precautions,  just  before,  and  at  inter- 
vals of  two  and  four  hours  after,  the  intravenous  administration 
of  the  drug.  These  specimens  of  urine,  in  sterile  test  tubes,  were 
inoculated  from  twenty-four  hour  broth  cultures  of  the  colon 
bacillus  (or  staphylococcus  aureus  or  albus,  as  indicated  in  table 
3),  and  incubated  at  37°C.  for  twenty-four  hours,  after  which  0.1 
CO.  was  removed  from  each  tube  and  plated.  Sterile  plates  (in- 
dicated in  table  3  by  the  sign,  0)  showed  that  the  organisms  had 
died  during  the  incubation  period,  and  that  the  drug  was  there- 
fore present  in  inhibitory  concentration;  while  plates  in  which 
countless  numbers  of  colonies  developed  (indicated  in  table  3 
by  the  infinity  sign,  »)  showed  that  the  organisms  had  grown 
and  developed,  and  that  the  urine  therefore  contained  no  anti- 
septic agent. 

Results.  Table  3  shows  the  antiseptic  properties  of  the  urine 
of  rabbits  obtained  both  before  and  after  the  intravenous  ad- 
ministration of  acriflavine  in  amounts  varying  from  10  to  50 
mgm.  As  indicated,  the  colon  bacillus  and  the  staphylococcus 
aureus  and  albus  were  used  for  inoculating ;  all  together  in  some 
experiments  (one  loop  of  each),  and  separately  in  other  experi- 
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merits,  the  specimen  of  urine  in  the  latter  case  being  divided  into 
three  portions.  As  in  testing  the  antiseptic  strength  of  acri- 
flavine  in  voided  human  urine,  each  sample  of  urine,  after  inocu- 
lation with  the  designated  organism,  was  incubated  at  37°C.  for 
twenty-four  hours,  after  which  0.1  cc.  was  transferred  to  melted 


TABLE  3 


The  secretion  of  antiseptic  urine  by  rabbits  following  the  intravenous  administration 

of  acriflavine 


RABBIT 

DOSE 

APPARENT  EFFECT 
UPON  ANIMAL 

ORGANISM 
USED  FOR 
INOCULAT- 
INQ  URINE 

NUMBER     OF    COLONIES    WHICH     DEVELOPED    IK 
AGAR    PLATE    CONTAINING    0.1    CC.    OF    URINE 
WHICH    HAD    PREVIOUSLY    BEEN    INOCULATED 
AND  INCUBATED  FOR  24  HOURS 

Urine  ob- 
tained just 
before 
injection 

Urine  ob- 
tained 
2  hours  after 
injection 

Urine  ob- 
tained 
4  hours  after 
injection 

Urine  ob- 
tained 
8  hours  after 
injection 

mgm. 

65 

50 

Died  after 

A 

1,000  ?ff 

0 

three  days 

B 
C 

c» 
1,000* 

0 
0 

64 

25 

None 

A 

00 

0 

oo 

B 

00 

0 

0 

C 

00 

0 

62 

10 

None 

A 

B 
C 

00 
00 

0 
0 
0 

60 

10 

None 

A 
C 

00 
CO 

0 
0 

65 

10 

None 

A 

00 

0 

60 

10 

None 

A,  B,  C 

00 

0 

00 

63 

10 

None 

A,  B,  C 

CO 

1,000  # 

76 

10 

None 

A,  B,  C 

00 

0 

69 

10 

None 

A,  B,  C 

00 

0 

Tubes  of  urine  were  inoculated  with  1  loop  of  a  twenty-four-hour  broth  cul- 
ture of  the  designated  organism. 

A=  Colon  bacillus;  B  =  Staphylococcus  aureus;  C  =  Staphylococcus  albus; 
0  =  no  colonies;  <»  =  an  infinite  nmnber  of  colonies;  1000 #  =  approximately 
1000  colonies. 

agar  and  plated.  As  designated  by  the  infinity  sign  (<»),  the 
plates  from  those  specimens  of  urine  obtained  before  the  admin- 
istration of  the  drug  showed  great  numbers  of  colonies ;  while  the 
plates  poured  from  the  specimens  of  urine  obtained  at  intervals 
of  two  and  four  hours  afterward  were  sterile  with  but  one  excep- 
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tion.  This  rabbit  had  received  only  10  mgm.  of  the  drug  and 
the  urine  was  inoculated  with  all  three  organisms.  Furthermore, 
the  plate  contained  only  several  thousand  colonies  and  therefore 
showed  that  growth  had  been  restricted.  Of  three  specimens  of 
urine  obtained  after  an  eight-hour  interval,  two  allowed  the  colon 
bacillus  to  grow,  while  one  (after  a  25  mgm.  dose)  still  inhibited 
the  staphylococcus  aureus.  The  urine  of  one  rabbit  (not  listed 
in  table  3)  obtained  after  the  injection  of  10  mgm.  of  proHavine, 
likewise  showed  an  antiseptic  action. 

Following  the  administration  of  acrifiavine  to  rabbits  in  10 
mgm.  amounts  by  mouth,  although  the  drug  appeared  in  the  urine, 
no  antiseptic  properties  could  be  demonstrated.  The  effect  of 
larger  doses  by  mouth  is  as  yet  undetermined. 

Preliminary  experiments  with  dogs,  in  attempting  to  produce 
antiseptic  urine  by  the  intravenous  administration  of  acri- 
fiavine were  unsuccessful.  This  finding  is  in  accord  with  the 
results  shown  in  table  1,  comparing  the  relative  antiseptic 
strength  of  acrifiavine  in  inhibiting  the  development  of  the  colon 
bacillus  in  acid  and  alkaline  urine.  According  to  this  table  the 
drug  is  many  times  more  efficient  in  alkaUne  urine.  Since  rabbit 
urine  is  normally  alkaline,  and  dog  urine  acid,  this  would  seem  to 
be  the  logical  explanation  of  the  success  of  the  drug  in  the  former 
medium,  and  its  failure  in  the  latter.  A  preliminary  experiment, 
attempting  to  improve  the  efficiency  of  acrifiavine  in  dog  urine  by 
rendering  the  latter  medium  alkaline,  was  successful,  but  we 
have  not  sufficient  data  on  this  subject  to  permit  conclusions. 

TOXICITY 

As  to  toxicity,  preliminary  experiments  prove  that  the  dose 
sufficient  to  produce  antiseptic  m-ine  in  rabbits  is  well  within  the 
toxic  limit.  None  of  the  rabbits  showed  any  effect  from  a  10 
or  25  mgm.  dose.  A  50  mgm.  dose,  however,  although  without 
apparent  effect  when  given  by  mouth,  caused  death  during  the 
following  two  or  three  days  if  given  intravenously.  Autopsies 
revealed  no  typical  lesions.  No  effect  upon  any  of  the  dogs  was 
observed  following  the  administration  of  comparatively  large 
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amounts,  one  dog  receiving  a  200  mgm.  dose  without  ill-effect 
(about  20  mgm.  per  kilo)  and  several  others  were  given  as  much 
as  100  mgm.  The  English  authors  state  that  proflavine,  1 :  50, 
produces  slight  irritation  of  the  conjunctiva;  acriflavine  does  so 
at  1 :  150.  By  subcutaneous  injection  in  mice,  they  were  able 
to  demonstrate  that  the  flavines  ''are  comparatively  little  toxic 
for  the  body  as  a  whole." 

CONCLUSIONS 

Acriflavine  and  proflavine  retain  their  antiseptic  action  when 
diluted  in  urine,  and  in  this  respect  differ  from  many  standard 
antiseptics. 

Although  strongly  antiseptic  in  both  acid  and  alkaline  urine, 
these  drugs  display  a  relative  weakness  in  inhibiting  the  colon 
bacillus  in  acid  urine.  They  are  efficient  in  very  high  dilution, 
however,  against  the  colon  bacillus  in  alkaline  urine,  and  against 
the  staphylococcus  in  urine  of  any  reaction. 

When  administered  by  mouth  or  intravenously  to  rabbits  and 
dogs,  acriflavine  and  proflavine  appear  in  the  urine  in  less  than 
one  hour,  and  continue  to  be  excreted  for  about  four  hours.  Quan- 
titative determinations  of  percentage  of  excretion  have  not  been 
made. 

Following  the  intravenous  administration  of  10  mgm.  doses  of 
acriflavine  to  rabbits,  the  urine  is  rendered  antiseptic  between  the 
second  and  the  fourth  hours.  The  exact  time  limits  have  not 
been  determined.  Corresponding  doses  by  mouth  did  not  pro- 
duce antiseptic  urine.  Following  the  same  dose  per  kilogram  to 
dogs,  no  antiseptic  action  in  the  urine  could  be  demonstrated. 
This  may  be  due  to  the  acidity  of  dog  urine,  as  compared  with 
the  alkalinity  of  rabbit  urine. 

Rabbits  tolerate  25  mgm.  doses  of  acriflavine  without  apparent 
effect,  but  do  not  survive  50  mgm.  (intravenous)  doses.  No  ap- 
parent effect  upon  10  kgm.  dogs  was  observed  following  intra- 
venous doses  of  100  mgm.  and  200  mgm. 

Preliminary  experiments  indicate  that  acriflavine  and  pro- 
flavine may  prove  to  be  of  value  for  internal  use  in  alkaline  in- 
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fections  of  the  urinary  tract.  The  synthetic  compound  chlor- 
mercury  fluorescein,  the  experimental  fitness  of  which  as  an  in- 
ternal urinary  antiseptic  has  been  described  elsewhere,  is  rela- 
tively more  efficient  in  acid  urine. 
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URINARY    ANTISEPSIS— THE    ANTISEPTIC    PROPER- 
TIES OF  NORMAL  DOG  URINE 

EDWIN  G.  DAVIS  and  R.  F.  HAIN 
From,  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital 

A  previously  described  series  of  experiments,  conducted  with 
the  synthesis  of  an  internal  urinary  antiseptic  as  the  ultimate 
goal,  involved  an  investigation  of  the  antiseptic  properties  of 
the  urine  of  dogs  and  rabbits,  both  before  and  after  the  intra- 
venous administration  of  various  drugs,  which  had  previously 
been  shown  to  be  antiseptic  in  vitro.  As  a  control  on  all  such 
experiments,  a  specimen  of  the  animal's  urine,  obtained  just 
before  the  administration  of  the  drug,  was  inoculated  and  incu- 
bated under  exactly  the  same  conditions  as  the  specimen  obtained 
after  medication,  in  order  that  the  two  might  be  contrasted,  and 
thus  conclusively  prove  that  any  antiseptic  action  exhibited 
by  the  urine  was  due  to  the  drug.  This  technique  led  to  the  sur- 
prising observation  that  normal,  drug-free,  dog  urine  may  be  of 
itself  antiseptic;  that  is,  that  those  specimens  of  urine,  obtained 
before  the  dog  had  been  subjected  to  any  medication  whatever, 
occasionally  prevented  the  growth  of  the  colon  bacillus.  This 
antiseptic  action,  however,  was  not  constant,  that  is,  it  was  not 
exhibited  by  all  dogs,  nor  by  the  same  dogs  on  all  occasions. 
On  account  of  the  serious  obstacle  therefore  encountered  in 
accurately  controlling  experiments  dealing  with  urinary  anti- 
sepsis, an  investigation  of  the  nature  of  the  antiseptic  action  of 
normal  dog  urine  was  undertaken,  and  an  attempt  made  to  deter- 
mine the  underlying  factor  responsible  for  the  intermittent  or 
sporadic  nature  of  this  antiseptic  action.  The  experiments 
were  confined  largely  to  dogs,  although  sufficient  work  was  done 
with  rabbits  to  establish  the  fact  that  rabbit  urine  possesses 
the  same  property  with  the  same  irregularity. 
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These  findings  are  in  keeping  with  the  inconstancy  of  the  results 
reported  by  Rovsing  and  Melchior  and  others,  and  more  recently 
by  Eisendrath  and  Schultz  (1),  and  by  David  (2),  in  their  at- 
tempts to  produce  experimental  cystitis  in  dogs  by  injecting 
organisms  into  the  non-traumatized,  unobstructed  bladder. 
The  latter  author  includes  an  extensive  bibliography  and  a  very 
interesting  resume  of  the  experimental  work  carried  on  by  vari- 
ous authors  in  attempting  to  determine  the  route  of  ascending 
renal  infections.  For  a  detailed  statement  of  the  problem  on 
urinary  antisepsis  mentioned  above,  and  a  description  of  the 
drugs  (more  than  200  synthetic  compounds  were  investigated), 
and  of  the  technique  of  administration,  see  publication  by  Davis 
(3),  Davis  and  White  (4),  and  Davis,   White  and  Rosen  (5). 

TECHNIQUE 

The  method,  in  brief,  was  simply  to  inoculate  and  incubate 
specimens  of  urine  obtained  by  catheterization,  and  determined 
whether  or  not  the  urine  acted  as  a  favorable  culture  medium. 
All  catheterizations  were  done  with  aseptic  precautions.  For 
dogs,  a  small,  stiff,  gum,  olive-tipped  catheter,  sterilized  by 
boiling,  was  used,  after  washing  the  penis  and  irrigating  the 
external  urinary  meatus  with  1-10,000  bichloride.  Specimens 
of  urine  obtained  by  this  procedure  were  almost  invariably  free 
from  gross  contamination,  as  demonstrated  by  agar  plates  in- 
oculated from  each.  These  plates,  poured  immediately  after 
catheterization,  and  containing  0.1  cc.  of  urine,  were  almost 
always  sterile,  but  occasionally  showed  several  scattered  colonies. 
Rabbits  were  catheterized  by  the  same  method,  with  a  small, 
soft,  rubber  catheter. 

For  inoculating,  a  strain  of  colon  bacillus  (twenty-four  hour 
culture),  isolated  from  a  case  of  pyelitis  in  man,  was  used.  In 
some  experiments,  however,  other  organisms  also  were  used, 
including  staphylococcus  aureus,  staphylococcus  albus,  typhoid 
and  paratyphoid.  The  staphylococcus  aureus  was  isolated  from 
the  renal  pelvis  (human),  and  the  staphylococcus  albus  from  the 
bladder  of  a  dog  accidentally  found  to  have  a  chronic,  persistent 
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bacteriuria.  Each  specimen  of  urine  was  divided  into  two.  or 
more  equal  portions  (dependent  upon  the  number  of  varieties  of 
organisms  to  be  used)  in  sterile  test  tubes,  and  these  portions 
(all  but  one)  were  inoculated  with  one  loop  of  a  twenty-four- 
hour  broth  culture  of  the  desired  organism.  One  portion  was 
incubated  without  inoculation  in  order  to  determine  the  sterility 
of  the  specimen.  If  this  uninoculated  tube  was  found  to  be 
sterile  after  incubation,  then  it  could  be  assumed  that  growth 
present  in  any  of  the  inoculated  tubes  was  due  to  the  inoculating 
organism  and  not  to  contamination.  Immediately  after  inocula- 
tion, in  order  to  prove  beyond  possible  doubt  that  the  inoculation 
had  been  successful,  and  that  each  specimen  of  urine  contained 
organisms,  0.1  cc.  of  urine  was  transferred  from  each  tube  (with 
a  sterile  capillary  pipette)  to  melted  agar  and  plated.  These 
plates,  very  roughly  estimated,  usually  contained  several  thou- 
sand colonies  (designated  in  the  tables  as  1000#). 

All  tubes  of  urine  were  than  incubated  for  twenty-four  hours 
at  37°,  after  which  0.1  cc.  was  again  transferred  from  each  tube 
to  a  tube  of  melted  agar  and  plated.  All  plates  were  inspected 
at  the  end  of  twenty-four  hours  and  again  after  forty-eight  hours. 
A  comparison  of  the  series  of  plates  poured  immediately  after 
inoculation  of  the  urine,  with  those  poured  after  twenty-four 
hours'  incubation,  readily  determined  whether  or  not  growth  had 
taken  place.  Those  plates  showing  countless  numbers  of  colonies 
(designated  in  the  tables  by  the  infinity  sign,  0°)  proved  that 
that  particular  specimen  of  urine  had  acted  as  a  favorable  cul- 
ture medium;  while  the  plates  which  were  sterile,  or  which  con- 
tained only  a  very  few  colonies,  indicated  an  antiseptic  urine. 
It  was  very  surprising  to  observe  that  a  tube  of  urine,  proved 
by  the  before-incubation  plate  to  contain  several  thousand 
organisms  per  0.1  cc,  could  become  sterile  during  incubation; 
while  in  other  specimens  of  urine  the  organisms  grew  and  devel- 
oped, so  that  each  plate  contained  millions  of  colonies. 

With  each  experiment  was  run  a  control  of  human  urine,  sub- 
jected to  exactly  the  same  conditions  as  the  dog  urine  and  on  all 
occasions  the  organisms  grew  and  developed  in  human  urine. 
It  would  seem  therefore  that  human  urine  differs  essentially 
from  dog  urine  in  this  respect. 
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TABLE  1 

The  antiseptic  properties  of  the  urine  obtained  by  the  first  catheterization  of  twenty- 
four  dogs,  chosen  at  random 


NUMBER     OK  '  COLONIES     WHICH 

DEVELOPED 

N    AGAR     PLATE 

CONTAINING 

3.1    CC.  OF  URINE 

DATS 

DOG 

HYDROGEN     ION 
CONCENTRATION 

Transferred 
immediately 

after 
inoculation 

Transferred 

after  ^ 

incubation  for 

twenty-four 

hours 

July  2 1 

2D 

5.8 

1000^ 

0 

3D 

6.8 

1000^ 

0 

4D 

5.8 

1000  # 

CO 

Julys 

5D 

6.2 

1000^ 

0 

> 

6D 

7.0 

1000  # 

CO 

[- 

7D 

5.5 

1000  # 

0 

August  25 " 

8D 

5.8 

1000^ 

0 

^ 

9D 

6.0 

1000  # 

0 

c 

11  H 

6.0 

1000^ 

0 

December  2 • 

12  H 

5.0 

1000^ 

0 

- 

13  H 

5.8 

1000  # 

0 

r 

4H 

5.8 

1000?^ 

0 

December  7 < 

5H 

6.4 

1000  # 

00 

. 

6H 

6.2 

1000  ;s^ 

00 

[- 

7H 

5.6 

1000^ 

0 

8H 

5.6 

1000  # 

0 

March  30 < 

9H 
1  B 

6.8 
5.8 

1000  # 
1000  # 

0 

0 

2B 

6.0 

1000^ 

oo 

3B 

6.0 

1000  # 

0 

(- 

3C 

6.2 

1000^ 

0 

May  10 < 

4C 
7C 

6.4 

5.8 

1000  « 
1000^ 

0 
0 

. 

9C 

5.6 

1000^ 

CO 

Each  tube  of  urine  was  inoculated  with  1  loop  of  a  broth  culture  of  the  colon 
bacillus.  0  =  no  colonies;  100  ^  =  several  thousand  colonies.;  «>  =  infinite 
number  of  colonies. 
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OCCURRENCE   OF   ANTISEPTIC   URINE 

Different  dogs.  Each  of  the  dogs  used  was  catheterized  many 
times  and  the  antiseptic  properties  of  the  urine  determined  on 
as  many  different  occasions.  Table  1  includes,  however,  only 
the  result  of  the  initial  catheterization  of  each  one  of  these  dog, 
and  illustrates  therefore  the  frequency  of  the  occurrence  of  anti- 
septic urine  among  dogs  chosen  at  random.  It  will  be  seen  that* 
out  of  twenty-four  dogs,  the  urine  from  eighteen,  obtained  by 
catheterization,  inoculated  with  one  loop  of  a  twenty-four-hour 

TABLE  2 

The  daily  variation  in  the  antiseptic  properties  of  the  urine  of  the  same  dogs 


DATE 

lOJMBEB   OP  COLONHES   WHICH   DEVELOPED    IN   AO-Ul   PLATE   CONTAIJfINO 
0.1    CC.    OF   INOCULATED   INCUBATED   UBINE 

Dogl 

Dog  2 

Dog  3 

Dog  4 

Dog  5 

Dog  6 

December    6 

0 
0 
0 
0 
0 

oo 

0 

03 
00 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

ooooo   8ooo   8 

00 

0 

oo 

0 
0 
0 

oo 
oo 

0 
0 

CO 

oo 

CO 

0 
0 
0 

00 

0 
0 

oo 

0 

December    7 

December    8 

0 
100 

December    9 

00 

December  10 

200 

December  11 

0 

December  12. . . 

0 

December  13. . . 

00 

December  14 

December  15 

CO 

00 

Each  tube  of  urine  was  inoculated  with  one  loop  of  a  twenty-four  hour  broth 
culture  of  the  colon  bacillus.  0  =  No  colonies;  <»  =  an  infinite  number  of 
colonies. 


broth  culture  of  the  colon  bacillus  and  incubated  for  twenty- 
four  hours,  not  only  failed  to  act  as  a  favorable  culture  medium 
for  these  organisms,  but  killed  them  in  less  than  twenty-four 
hours.  The  urine,  however,  from  the  remaining  six  dogs,  ob- 
tained, inoculated  and  incubated  under  exactly  the  same  con- 
dition, permitted  a  profuse  growth  of  the  same  organism.  All 
of  the  dogs  were  on  the  same  diet  (meat  only)  and  all  of  them 
had  access  to  an  unlimited  amount  of  water. 

Same  dogs  on  different  days.     In  order  to  determine  the  con- 
stancy of  the  antiseptic  property  of  the  urine  of  any  given 
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dog,  catheterizations  were  performed  daily  on  six  dogs  for  a 
period  of  ten  days,  and  each  specimen  of  urine  inoculated  and 
incubated,  always  under  the  same  conditions  and  with  the  same 
strain  of  colon  bacillus.  Table  2  shows  the  intermittent  char- 
acter of  the  antiseptic  action,  and  the  daily  variation  in  the 
composition  of  the  urine  of  each  individual  dog,  as  regards  its 
.suitability  as  a  culture  medium.  It  will  be  seen  that  on  no  day 
during  the  ten  was  the  colon  bacillus  killed  by  the  specimens 
from  all  six  dogs;  nor  was  there  a  day  when  all  six  permitted 
growth.  Usually  one  or  two  specimen's  out  of  the  six,  rarely 
three,  acted  as  favorable  culture  media.  The  urine  of  each 
individual  dog  permitted  growth  on  an  average  of  three  times 
and  killed  the  bacillus  the  remaining  seven.  Dog  2  was  partic- 
ularly interesting  in  that  during  this  experiment  the  urine  did 
not  once  fail  to  kill;  furthermore,  during  a  total  of  thirty  cathe- 
terizations of  this  dog,  on  thirty  consecutive  days,  the  colon 
bacillus  grew  in  only  one  specimen  of  urine. 

THE   EFFECT   ON   VARIOUS    ORGANISMS 

In  view  of  the  possibility  that  this  antiseptic  action  might  be 
specific  against  the  colon  bacillus,  the  following  experiments  were 
undertaken  to  determine  the  fitness  of  dog  urine  as  a  culture 
medium  for  organisms  other  than  the  colon  bacillus.  As  shown 
in  table  3,  specimens  of  urine  from  three  dogs,  and  one  human 
control,  were  each  divided  into  eight  (2  cc.)  samples  in  sterile 
test  tubes.  Of  each  series  of  eight  tubes,  seven  were  inoculated 
with  various  organisms,  including  bacillus  coli  communior 
(two  strains),  bacillus  coli  communis  (two  strains),  typhoid  bacil- 
lus, paratyphoid  and  staphylococcus,  while  the  remaining  one 
was  incubated  without  inoculation,  in  order  to  determine  the 
sterility  of  each  series  of  eight,  and  thus  rule  out  the  question  of 
contamination.  Plates  poured  according  to  the  usual  technique 
(after  twenty-four  hours'  incubation,  transferring  0.1  cc.  from 
each  tube)  demonstrated  that  the  urine  from  all  three  dogs 
uniformly  killed  all  the  organisms  excepting  the  staphylococcus 
aureus.     The  latter  organism  grew  profusely  in  each  case.     The 
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control  series  of  human  urine  permitted  a  growth  of  each  of  the 
organisms.  It  would  seem  therefore  that  the  antiseptic  action 
of  dog  urine  is  directed  against  organisms  of  the  colon-typhoid 
group,  and  has  no  efifect  on  the  staphylococci. 

Further  experiments  were  therefore  carried  out  comparing  the 
effect  of  dog  urine  on  the  colon  bacillus,  staphylococcus  aureus 
and  staphylococcus  albus.  On  different  occasions  a  total  of 
twenty-seven  specimens  of  urine  were  used,  from  eleven  different 
dogs.  Each  specimen  was  divided  into  three  samples,  inoculated 
with  colon,  aureus,  and  albus  respectively,  and  incubated  for 

TABLE  3 
The  effect  of  dog  urine  upon  various  organisms 


NrMBER   OF   COLONHES   WHICH    DEVELOPED   IX   AGAR  PLATE 
OONTAININQ   0.1    CC.    OF  INOCULATED  INCUBATED   UBINK 

Dog  11 

Ph6  0 

Dog  12 
Ph6.0 

Dog  13 
Pa  5.8 

Human  urine 
Ph«0 

Colon  (strain  a) 

Colon  (strain  b) 

0 
0 
0 
0 
0 
0 

00 

0 

0 
0 
0 
0 
0 
0 

00 

0 

0 
0 
0 
0 
0 
0 

00 

0 

CO 

oo 

Colon  (strain  c)  

00 

Colon  (strain  d ) 

00 

Typhoid 

00 

Paratj'phoid 

00 

Staphylococcus  aureus 

Not  inoculated 

oo 

0 

Each  tube  of  urine  was  inoculated  with  one  loop  of  a  twenty-four-hour  broth 
culture  of  the  designated  organism.  0  =  No  colonies;  <»  =  an  infinite  number  of 
colonies. 


twenty-four  hours,  after  which  0.1  cc.  from  each  sample  was 
plated.  The  results  are  shown  in  table  4.  Out  of  a  total  of 
twenty-seven  specimens,  the  staphylococcus  aureus  was  killed 
only  eleven  times.  The  colon  bacillus  was  killed  twenty  times 
(in  all  but  seven),  showing  the  same  occasional  or  sporadic  growth 
as  described  above.  The  staphylococcus  albus,  however,  grew 
invariably.  From  a  consideration  of  this  table  we  may  conclude 
that  the  colon  bacillus  is  usually  killed  by  normal  dog  urine,  while 
the  staphylococcus  aureus  usually  grows  in  the  same  medium. 
The  particular  strain  of  staphylococci  albus  used  (isolated  from 
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dog  uWiie)  always  grows  in  normal  dog  urine.  Staphylococci 
are  therefore  more  resistant  than  organisms  of  the  colon-typhoid 
group. 

TABLE  4 

The  effect  of  dog  urine  upon  the  colon  bacillus,  staphylococcus  aureus  and 

staphylococcus  albus 


Dog. 


April. 


Colon  bacillus 

Staphylococcus  aureus. 
Staphylococcus  albus... 


NUMBER  OF  COLONIES  'WHICH  DEVELOPED   IN   AQAB  PLA.T8     CONTAINING   0.1 
CC.  OP  INOCtTLATED,   INCUBATED   UKINB 


30  31 


0!oo 


32 


32 


33 


33  33  34  34 


10  12;  1 


0  0 
0  0 

00  00 


34 


34 


34 


10 


34  35 


10 


36  36 
10  10 


Each  tube  of  urine  was  inoculated  with  one  loop  of  a  twentv-four  hour  broth  culture 
of  the  designated  organism.     0  =  No  colonies;  <»  =  an  infinite  number  of  colonies. 


RATE  OF  DEATH  OF  COLON  BACILLUS 

The  above  experiments  determine  only  whether  or  not  there 
are  living  organisms  present  in  the  specimens  of  urine  at  the  end 
of  twenty-four  hours.  To  determine  the  length  of  time  necessary 
to  kill  these  organisms,  equal  (0.1  cc.)  amounts  were  taken  from 
tubes  of  inoculated  (colon  bacillus)  dog  urine  at  regular  (one-hour) 
intervals  and  plated.  Table  5  gives  the  number  of  colonies  which 
developed  in  the  plates  after  forty-eight  hours.     All  three  speci- 

TABLE  5 
The  length  of  time  necessary  to  kill  the  colon  bacillus  in  normal  dog  urine 


REACTION 

NUMBER  OP  COLONIES  IN  PLATES  POURED   AT  VARYING  INTERVALS      AFTER   IN- 
OCULATION   WITH    ONE    LOOP    OP   A    BROTH    CULTURE    OP    COLON      BACILLUS. 
EACH  PLATE   CONTAINS  0.1   CC.   OP  URINE 

voa 

Minutes 

Hours 

10 

4 

5 

6 

7 

8 

10 

11 

12 

11 
12 
13 

Ph6.0 
PhO.O 
Ph5.8 

1000^ 
1000  # 
1000^ 

66 

5 

37 

70 

2 

25 

40 

0 

12 

39 
0 

7 

33 

0 

15 

5 

0 

20 

0 
0 

2 

0 

0 
0 

Tubes  of  urine  were  incubated  at  37°C.  during  intervals  between  transfers. 
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mens  of  dog  urine  showed  a  very  rapid  germicidal  action  during 
the  first  four  hours,  the  number  of  colonies  dropping  from  several 
thousand  to  less  than  one  hundred.  The  urine  of  one  dog  showed 
only  two  colonies  in  the  five-hour  plate,  and  was  sterile  after  six 
hours.  The  plates  from  the  other  two  specimens  of  urine  showed 
a  more  gradual  decrease  in  the  number  of  colonies  and  did  not 
become  sterile  until  the  twelfth  hour. 

EFFECT   OF   HYDROGEN   ION   CONCENTRATION 

In  seeking  for  an  explanation  of  intermittent  antiseptic  power, 
one  naturally  thinks  first  of  variation  in  urinary  reaction.  This 
explanation  would  seem  to  be  all  the  more  plausible  in  view  of 
the  findings  of  Shohl  and  Janney  (6),  who  have  shown  that  the 
colon  bacillus  faUs  to  grow  in  human  urine  at  certain  definite  acid 
(Ph  4.8  and  alkaline  (Pa  9.2)  end  points.  After  determining  and 
recording  the  hydrogen  ion  concentration  of  more  than  one 
hundred  specimens  of  urine,  before  testing  the  antiseptic  strength 
of  these  specimens,  we  were  able  to  demonstrate  no  relationship 
whatever  between  the  reaction  of  dog  urine  and  its  suitability 
as  a  culture  medium.  The  results  in  this  large  series  of  hydrogen 
ion  determinations  all  lay  between  Ph  5.6  and  7.0.  In  different 
specimens  it  was  frequently  observed  that  the  organisms  both 
grew  and  failed  to  grow  at  both  extremes  of  this  range,  and  at 
all  intermediate  points.  Furthermore,  this  range  of  variation 
in  the  reaction  of  dog  urine  (Pa  5.6  to  7.0)  lies  well  within  the 
range  determined  by  Shohl  and  Janney  (Pa  4.8  to  9.2)  as  limiting 
the  growth  of  the  colon  bacillus  in  human  urine,  the  reaction  of 
which  has  been  artificially  adjusted  after  voiding.  A  compari- 
son of  tables  of  daily  hydrogen  ion  determinations  (not  listed 
in  this  paper)  with  the  tables  showing  the  results  of  antiseptic 
tests  (tables  1  and  2),  furnishes  further  proof  of  the  lack  of 
relationship  between  urinary  reaction  and  urinary  antisepsis. 
A  few  striking  examples  comparing  the  two  are  fisted  in  tables 
6  and  7.  Table  6  compares  the  urines  of  different  dogs  tested 
on  the  same  date  and  therefore  subjected  to  the  same  conditions. 
It  will  be  seen  that  on  December  6  the  organisms  grew  in  the 
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urine  of  dog  4,  which  had  a  hydrogen  ion  concentration  of  6.8; 
while  the  urines  of  dogs  1  and  3,  one  of  which  was  more  acid  and 
the  other  more  alkahne,  both  killed  the  organisms.  Likewise, 
on  December  11  the  urine  of  dog  4  killed,  while  the  urines  of 
dogs  1  and  3,  one  of  which  was  more  acid  and  the  other  more 
alkaline,  both  permitted  growth.  Table  7  compares  the  reaction 
and  antiseptic  property  of  specimens  of  urine  obtained  from  the 
same  dogs  on  different  days.     The  urine  of  dog  1,  on  December 


TABLE  6 


Showing  the  lack  of  relationship  between  the  hydrogen  ion  concentration 
antiseptic  power  of  normal  dog  urine  {different  dogs  on  same  days) 

and  the 

DECEMBER    6 

DECEMBER  11 

Dogl 

Dog  4 

Dog  3 

Dog  3 

Dog  4 

Dogl 

Hvdrogen  ion  concentration 

Number  of  colonies 

6.6 
0 

6.8 

oo 

7.0 

0 

5.8 

00 

6.2 
0 

6.4 

oo 

Each  tube  of  urine  was  inoculated  with  one  loop  of  a  twenty-four-hour  broth 
culture  of  the  colon  bacillus.  0  =  No  colonies;  oo  =  an  infinite  number  of 
colonies. 


TABLE  7 


Showing  the  lack  of  relationship  between  the  hydrogen  ion  concentration  and  the 
antiseptic  power  of  normal  dog  urine  (same  dogs  on  different  days) 


DOG  1 

DOG  3 

Decem- 
ber 14 

Decem- 
ber 8 

Decem- 
ber 13 

Decem- 
ber? 

Decem- 
ber 11 

Decem- 
ber 6 

Hydrogen  ion  concentration 

Number  of  colonies 

5.8 

00 

6.2 
0 

6.4 

00 

5.6 
0 

5.8 

7.0 

0 

Each  tube  of  urine  was  inoculated  with  one  loop  of  a  twenty-four-hour  broth 
culture  of  the  colon  bacillus.  0  =  No  colonies;  oo  =  an  infinite  number  of 
colonies. 

8,  showed  a  hydrogen  ion  concentration  of  6.2,  and  on  this 
day  killed  the  colon  bacillus;  yet  permitted  growth  on  Decem- 
ber 13  and  14,  although  on  one  of  these  days  it  was  more  acid 
and  on  the  other  more  alkaline.  The  specimens  of  urine  from 
dog  3  showed  a  similar  lack  of  relationship  between  reaction  and 
antisepsis.  It  may  therefore  be  concluded  that  the  hydrogen  ion 
concentration  is  not  the  essential  factor  in  determining  the 
antiseptic  properties  of  dog  urine. 
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DISCUSSION 

On  the  theory  that  the  antiseptic  action  might  be  due  to  some 
removable  substance,  soluble  in  the  ordinary  extractives,  samples 
of  dog  urine  were  extracted  with  benzene,  ether,  chloroform, 
carbon  bisulphide,  carbon  tetrachloride,  and  acetic  ether,  and 
the  extracted  urine  submitted  to  the  routine  antiseptic  tests. 
No  results  were  obtained  by  this  method,  the  samples  of  extracted 
urine  behaving  just  as  the  unextracted  controls.  As  to  the 
possible  effect  of  the  specific  gravity  of  the  urine  in  influencing 
its  antiseptic  property,  although  we  had  begun  an  investigation 
of  this  point,  it  was  necessary  to  discontinue  the  experimental 
work  before  there  were  sufficient  data  available  upon  this  sub- 
ject to  base  an  opinion.  A  likewise  incomplete  series  of  experi- 
ments, comparing  the  suitability  for  culture  media  of  specimens 
of  dog  urine  before  and  after  passage  through  a  Berkefeld  filter, 
demonstrated  a  distinct  tendency  for  the  organisms  to  fail  to 
grow  in  the  filtered,  inoculatM  portions,  even  though  there  might 
be  profuse  growth  in  the  unfiltered  inoculated  controls.  No 
similar  effect  was  observed  following  the  filtration  of  human 
urine.  Complete  data,  establishing  the  fact  that  dog  urine 
(previously  suitable)  may  be  rendered  unsuitable  as  a  culture 
medium  by  filtration,  would  tend  to  show  that  the  so-called  anti- 
septic properties  of  dog  urine  might  better  be  explained  as  due 
to  lack  of  nutritive  substances.  At  the  time  when  the  war 
abruptly  terminated  this  experimental  work,  no  definite  con- 
clusions had  been  arrived  at  as  to  the  cause  of  the  failure  of 
organisms  to  grow  in  dog  urine. 

SUMMARY 

Normal  dog  urine,  obtained  by  aseptic  catheterization,  shows 
a  distinct  antiseptic  action,  which  is  particularly  marked  against 
organisms  of  the  colon-typhoid  group,  less  effective  against  the 
staphylococcus  aureus,  and  entirely  inert  against  at  least  one 
strain  of  staphylococcus  albus. 

This  antiseptic  action  is  not  constant  for  all  dogs,  nor  for  the 
same  dogs  on  all  occasions.  It  was  exhibited,  however,  by  the 
urine  of  one  dog  in  twenty-nine  out  of  thirty  catheterizations. 
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Dog  urine,  inoculated  with  the  colon  bacillus  and  incubated, 
may  become  sterile  during  as  short  a  period  as  six  hours. 

The  antiseptic  action  of  dog  urine  bears  no  relationship  to  the 
hydrogen  ion  concentration,  nor  is  it  influenced  by  the  action  of 
various  extractives  on  the  urine. 

Of  those  specimens  of  dog  urine  which  act  as  suitable  culture 
media,  some  may  be  rendered  unsuitable  by  passage  through  a 
Berkefeld  filter. 
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THE   SURGICAL  TREATMENT  OF  GONORRHEAL 
EPIDIDYMITIS 

M.  E.  BLAHD 
Cleveland,  Ohio 

The  treatment  of  epididymitis,  which  is  a  frequent  and  painful 
complication  of  gonorrhea,  has  for  many  years  been  the  source 
of  much  discomfort  and  unpleasantness  to  both  the  physician 
and  the  patient.  It  is  not  the  mild  type  of  this  condition  to 
which  I  wish  to  caU  the  reader's  attention,  but  rather  to  the 
severe  type,  beginning  with  pyrexia  and  severe  pain,  confining 
the  patient  to  his  bed,  and  enlisting  all  the  ingenuity  and  skill 
which  the  physician  has  at  his  command  to  combat  it. 

Baerman  has  shown  that,  in  the  vast  majority  of  cases,  there  is 
definite  abscess  formation  usually  accompanied  by  an  inflam- 
matory hydrocele.  Even  in  those  cases  in  which  he  removed  from 
4  to  5  cm.  of  pus  by  aspiration  he  was  unable  chnicaUy  to  demon- 
strate any  degree  of  fluctuation,  as  the  pus  was  generally  con- 
tained in  the  innermost  part  of  a  hard  infiltrated  nodule.  In 
cases  which  showed  only  moderate  sized  nodules  located  in  either 
the  head  or  the  tail  of  the  epididymis,  he  was  able  to  aspirate 
one  or  two  drops  of  serous  fluid,  from  which  a  pure  culture  of 
gonococcus  was  grown. 

Judging  from  the  foregoing  consideration  of  the  pathology  of 
this  condition,  it  would  seem  that  the  therapeutic  measures 
usually  employed  are  distinctly  unsurgical.  It  seems  incredible, 
for  in  no  other  cases  of  inflammatory  efifusions  or  localized  col- 
lections of  pus  do  they  permit  nature  to  take  its  course.  It  is, 
therefore,  difficult  to  understand  the  conservatism  prevalent 
in  cases  as  acute  as  gonorrheal  epididymitis.  Indeed  it  con- 
tradicts all  modern  surgical  principles. 

Surely  the  old  objection  that  the  patient  will  not  tolerate 
surgical  interference  is  not  apphcable,  as  there  is  no  class  of 
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patients  so  eager  to  subject  themselves  to  even  the  most  drastic 
measures,  as  those  afflicted  with  gonorrheal  epididymitis.  An- 
other argument  frequently  advanced  against  radical  treatment 
is  that  strapping  the  testicle  and  providing  the  patient  with  a 
well  fitting  suspensory  often  permits  the  patient  to  go  about 
his  duties  with  comparative  ease.  This,  however,  holds  good  in 
only  a  few  cases,  the  majority  being  treated  with  rest  in  bed  and 
opiates  to  relieve  pain.  It  is  this  latter  class  which  presents  a 
field  for  more  radical  treatment. 

The  method  which  we  have  used  has  for  many  years  been 
embodied  in  text-books,  but  to  be  employed  only  when  pus  was 
distinctly  evident,  and  the  scrotal  wall  was  adherent  to  the 
testicle.  Hagner  in  1902  recommended  the  operative  treatment 
for  epididymitis,  but  for  reasons  unknown  it  has  never  been 
generally  adopted  by  the  profession.  The  operation  which  we 
wish  to  recommend,  though  not  as  complicated  as  that  of  Hag- 
ner's,  seems  to  adapt  itself  admirably  to  the  purpose.  It  consists 
simply  in  making  an  incision  about  ^  inch  in  length  through  the 
scrotal  wall  and  tunica  vaginalis,  immediately  over  the  most 
swollen  area  of  the  epididymis,  and  permitting  the  serous  or 
purulent  exudate  to  escape.  If  the  fluid  which  escapes  is  serous 
in  character,  as  is  prevalent  in  the  vast  majority  of  cases,  the 
incision  is  closed  with  one  silk-worm  gut  suture  one  or  two  strands 
of  catgut  being  left  for  drainage.  The  latter  is  generally  re- 
moved after  twenty-four  hours.  If  pus  is  present  the  incision 
is  packed  with  a  small  strip  of  plain  gauze  and  the  wound  allowed 
to  granulate.  Either  a  local  anesthetic  or  gas  was  used.  Im- 
mediate relief  is  obtained  from  this  simple  procedure,  and  the 
patient  is  able  to  resume  his  duties  in  a  few  days  and  shortly 
thereafter  to  submit  to  treatment  for  his  urethritis. 

The  following  cases  which  were  operated  upon  by  the  writer 
may  be  of  interest  in  demonstrating  the  results  of  the  above 
treatment. 
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Average  stay  in  hospital  2.5  days. 

Average  number  of  days  patient  was  able  to  resume  duties  4.26  days. 
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CALCULUS  IMPACTED  IN  A  VESICAL  DIVERTICULUM 
REMOVED  BY  HIGH  FREQUENCY  CAUTERIZATION 

H.  W.  E.  WALTHER 
New  Orleans 

Since  the  introduction  of  intravesical  high  frequency  spark 
cauterization  by  Edwin  Beer  in  1910,  designed  primarily  to  de- 
stroy bladder  excrescences,  this  procedure  has  found  many 
adherents  among  urological  surgeons  in  the  treatment  of  various 
pathological  conditions  occurring  in  the  urethra  and  in  the  blad- 
der. The  uses  now  made  of  high  frequency  spark  cauterization 
in  urology  are  almost  legion.  Among  the  conditions  in  which 
this  method  has  been  employed  successfully  might  be  mentioned : 
the  treatment  of  bladder  ulcers;  to  enlarge  a  ureteral  ostium  con- 
taining an  impacted  calculus;  the  cauterization  and  subsequent 
reduction  of  median  lobe  prostatic  enlargements;  the  destruction 
of  growths  within  the  posterior  urethra;  and,  the  sterilization  of 
infected  glands  of  Littre  within  the  anterior  urethra. 

The  writer  herewith  submits  another  use  to  which  intravesical 
high  frequency  cauterization  can  be  apphed.  The  relative 
infrequency  with  which  cases  of  calculus  impacted  within  a 
vesical  diverticulum  are  encountered  and  the  simple  means  by 
which  many  such  stones  can  be  removed  prompts  the  report  of 
the  ca^e. 

Mr.  A.  G.,  farmer,  seventy-nine  years  of  age,  was  referred  to 
the  writer  in  April,  1918,  with  the  following  history: 

Ten  years  previously  he  had  been  operated  upon  for  a  urethral 
stricture  and  an  hypertrophy  of  the  prostate;  suprapubic  pros- 
tatectomy and  external  urethrotomy  performed  at  that  time. 
Since  then  he  had  remained  in  fair  health  up  until  one  year  ago 
when  he  noticed  that  urinary  frequency  developed — both  diurnal 
and  nocturnal — that  ardor  urinae  accompanied  every  effort  at 
voiding,  marked  urgency  increasing  as  time  went  on  and  pain 
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over  bladder  region  rather  severe  of  late.  All  these  symptoms 
were  markedly  accentuated  when  he  came  under  the  writer's 
care.  For  years  his  family  physician  has  been  passing  a  24 
Charriere  urethral  sound  into  the  bladder  once  a  month  in  order 
to  assist  patient  to  void  more  freely.  Urinary  stream  fair  at 
examination.  Patient  had  never  had  any  attacks  of  fever  with 
this  trouble  and  had  never  noted  hematuria.  The  general 
physical  examination  revealed  nothing  of  importance  bearing 
on  the  present  condition. 

Urinalysis  showed:  a  trace  of  albumin,  no  sugar,  few  hyaline 
and  granular  casts,  few  red  blood  cells,  much  pus  and  many 
colon  bacilli,  Phenolsulphonephthalein  test,  two-hour  reading, 
giave  46  per  cent.     Blood-urea  0.5  gram  per  liter. 

Under  local  (apothesine  2  per  cent)  anesthesia  cystoscopy 
was  performed  at  Hotel  Dieu.  Due  to  a  contracture  of  the  vesi- 
cal neck,  the  cystoscope  was  introduced  with  some  difficulty. 
The  bladder  was  distended  with  warm  sterile  water  (bladder 
capacity  350  cc.)  and  it  was  noted  that  the  entire  vesical  mucosa 
was  more  deeply  injected  than  normal,  most  marked  however 
on  the  trigone.  Ureteral  ostia  were  normal  as  to  size,  shape  and 
function.  Upon  the  right  lateral  wall  of  the  bladder,  above  and 
behind  the  right  ureteral  ostium  was  seen  a  small,  white  mass 
adherent  to  the  vesical  wall  and  about  the  size  of  a  pea.  At 
first  it  was  thought  to  be  a  small  papilloma — for  to  the  eye  it 
appeared  as  a  miniature  cauliflower-like  growth.  There  was 
something  about  it  which  also  suggested  a  calculus.  That  it 
might  be  a  vesical  growth  encrusted  with  urinary  salts  was  con- 
sidered a  possibility.  To  determine  its  character  a  no.  6  silk 
ureteral  catheter  was  introduced  through  the  cystoscope  into 
the  bladder  and  pushed  up  against  the  mass.  The  tumor  seemed 
solid.  A  Bugbee  high  frequency  cautery  electrode,  also  sized 
no.  6  Charriere,  was  then  introduced  and  an  Oudin  spark  current 
applied  to  the  mass.  No  effect  whatever  was  produced.  It  was 
then  considered  that  the  mass  must  be  a  calculus  and  as  it  was 
fixed  to  the  side  of  the  bladder  wall,  immovable,  it  must  be  a 
calculus  impacted  within  a  vesical  diverticulum.  Figure  1 
illustrates  the  condition  actually  existent.     The  high  frequency 
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spark  was  then  applied  to  the  bladder  wall  surrounding  the 
impacted  stone  (i.e.,  the  neck  of  the  diverticulum).  Thfe  elec- 
trode tip  was  deliberately  pushed  into  the  mucosa.  Multiple 
areas  were  so  treated  and  b(y  using  a  wide  spark  gap  marked 
penetration  was  obtained.  These  cauterizations  caused  the 
patient  no  pain  whatever  and  the  calculus  was  completely  en- 
circled with  charred  spots  in  about  ten  minutes.  The  cystoscope 
was  then  removed  and  patient  returned  to  bed. 


Calculus  impacted  witKin 
Vesical  diverticulum 


Fig.  1. 


Two  days  later,  a  second  cystoscopy  was  performed  under 
local  anesthesia.  An  operating  cystoscope  was  used  at  this  sit- 
ting as  further  intravesical  operative  measures  were  contemplated. 
Upon  inspecting  the  right  lateral  bladder  wall  where  the  calculus 
had  been  first  seen,  the  examiner  noted  a  small  excavated  hole 
(the  diverticulum)  already  beginning  to  collapse,  with  sloughing 
edges.  Upon  examining  trigone,  a  dumb-bell  shaped  stone  was 
seen  lying  free  in  the  bladder.  Calculus  was  grasped  with  a 
pair  of  Buerger  forceps  and  easily  removed.  The  stone  weighed 
320  mgm.  and  measured  16  mm.  long  and  7  mm.  thick. 


328  H.    W.    E.    WALTHER 

Both  ureters  were  then  catheterized  to  kidneys  and  the  separate 
urines  collected.  Urinalysis  showed  a  trace  of  albumin  and  a 
few  hyaline  and  granular  casts  from  each  kidney  but  no  pus  or 
bacteria. 

Not  the  least  interesting  feature  of  the  case  was  the  curious 
shape  of  the  calculus  and  the  fact  that  the  greater  part  of  the  stone 
was  concealed  within  the  vesical  diverticulum.  This  demon- 
strates most  forcibly  that  no  estimate  of  the  size  of  bladder 
diverticulum  stones  can  be  made  by  cystoscopy  alone.  An  x- 
ray  picture  will  undoubtedly  be  of  aid  at  times.  In  this  instance 
the  calculus  was  expelled  before  a  radiographic  study  had  been 
contemplated. 
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CLASSIFICATIOjSF  OF  THE  DISTURBANCES  OF  SPHINC- 
TERIC  CONTROL  RESULTING  FROM  WOUNDS  AND 
CONTUSIONS  OF  THE  LUMBO-SACRAL  REGION 
(WITH  AND  WITHOUT  EXTERNAL  WOUND)  ^ 

F.  CATHELIN 

Medicin-Major  de  Territoriale-Medicin-Chef  de  I'Hospital  Complementaire  No.  54 

d'Orleans 

Translated  from  the  French  by  Hugh  Hampton  Young 

In  the  present  war  the  enormous  explosive  force  of  large  shells 
and  bombs  causes  contusions,  both  internal  and  external,  even 
at  a  considerable  distance.  Moreover,  the  concussion  caused 
by  large  masses  of  earth,  stone  and  similar  substances  produces 
a  special  type  of  injuries  without  external  wound  which  at  the 
beginning  of  the  war  were  often  classified  as  shghtly  injured  or 
even  as  mahngerers,  although  in  reality  they  may  have  extensive 
internal  injuries  the  pathogenesis  of  which  I  shall  sketch  below. 

This  report  is  confined  to  lumbo-renal  concussions  and  con- 
tusions, all  of  them  caused  by  missiles  of  war  with  or  without 
external  wound,  with  or  Avithout  disturbance  of  sphincteric 
control.  The  classification  is  based  on  65  cases  observed  in  the 
Service  Centrale  d'Urologie  d'Orleans. 

Disturbances  of  sphincteric  control  (retention  or  inconti- 
nence) due  to  war  wounds  are  quite  frequent.  Their  correct 
clinical  interpretation  is  difficult  because  of  the  great  variety  of 
symptoms  which  obscures  the  similarity  of  cause.  Nevertheless 
these  two  phenomena,  so  clinically  dissimilar,  i.e.,  incontinence 
and  retention,  are  physiologically  speaking  in  the  same  class  and 
clinically  they  appear  successively  or  alternately  in  a  given  in- 
dividual. They  usually  result  from  lumbar  or  sacral  concussion 
and  from  wounds  of  the  pelvis  or  of  the  adjacent  regions;  although 

App>eared  also  in  Paris  Medical,  no.  42,  October  20,  1917,  p.  319. 
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incontinence  may  be  primary  and  retention  secondary,  the 
opposite  (primary  retention  and  secondary  incontinence)  is  the 
usual  condition.  Occasionally  the  appearance  of  disturbance 
of  sphincteric  control  is  delayed.  The  anal  sphincter  is  sometimes 
involved  but  less  often  and  less  gravely  than  that  of  the  bladder. 
Disturbance  of  the  sexual  function  may  show  itself  in  the  form 
of  priapism  but  oftener  as  impotence.  Concussion  or  contusion 
of  the  cerebro-spinal  tract  causes  symptoms  that  are  essentially 
transitory,  amenable  to  treatment  and  to  permanent  cure  as 
contrasted  with  the  symptoms  resulting  from  actual  wounds  of 
the  central  nervous  system.  But  disturbance  of  sphincteric 
control  is  likely  to  be  more  persistent  than  other  s3anptoms  even 
when  it  is  due  to  concussion.  It  is  indeed  one  of  the  dominant 
signs  of  this  condition. 

This  report,  based  on  65  observations,  covers  the  frequency, 
the  variety  and  the  persistence  of  derangements  of  micturition, 
whether  retention  or  incontinence,  primary  or  secondary,  transi- 
tory or  permanent.  The  symptomatology,  as  I  have  seen  it 
and  as  it  has  recently  been  studied  by  Claude  and  Porak,  is  con- 
fused and  disconcerting.  Because  of  the  irregular  distribution 
of  the  lesions  there  is  a  "sciatic  type"  upon  which  it  is  Usually 
wise  not  to  operate. 

For  the  present  we  confine  our  attention  to  the  neurological 
aspects  of  the  condition.  It  is  extremely  difficult  if  not  impossible 
always  to  classify  the  symptoms  anatomically  according  to  the 
segments  of  the  spinal  cord  involved.  The  following  segments 
are  recognized : 

1.  Cerebral  segments:  The  incontinence  or  retention  is  due 
to  nervous  or  psychic  disturbance,  whether  emotional,  sub- 
conscious or  mechanical. 

2.  Medullary  segment:  The  spinal  centers  at  the  level  of  the 
twelfth  dorsal  are  those  involved  in  lumbar  concussions. 

3.  Root  segment:  With  the  well-known  classical  syndrome  of 
lesion  of  the  cauda  equina. 

4.  Sympathetic  and  ganglion  segment:  which  can  only  be 
diagnosed  by  exclusion. 

5.  Plexus  segment :  Involved  in  pelvic  wounds. 


DISTURBANCES   OF  SPHINCTER£C   CONTROL  331 

6.  Peripheral  segment:  Involved  in  perineal  and  para- vesical 
wounds. 

In  order  to  distinguish  accurately  the  segment  or  segments, 
the  injury  of  which  has  occasioned  incontinence  or  retention  of 
urine,  it  is  necessary  to  follow  a  definite  diagnostic  plan.  The 
following  new  classification  is  suggested: 

A.  Lumbo-renal  and  sacral  concussion  with  or  without  hema- 
turia, with  or  without  disturbance  of  sphincteric  control,  but 
ivithout  external  wound: 

1.  Lumbar  concussion  mithout  sphincteric  disturbance  char- 
acterized by  pain  in  th£  spine. 

2.  Liunbar  concussion  vdth  sphincteric  disturbance  and  with 
or  without  other  motor  disturbances. 

3.  Liuiibo-renal  concussion  with  hematuria  and  with  or  with- 
out sphincteric  disturbance:  (a)  Without  lumbar  contusion; 
(b)  with  lumbar  contusion  (rare). 

4.  Sacral  and  pelvic  concussion  with  vesical  or  urethral  bleeding 
and  with  or  without  sphincteric  disturbance  (concussion  of  the 
bladder) . 

B.  Sphincteric  disturbance  with  lumbosacral  or  pelvic  wound 
and  with  or  without  temporary  or  prolonged  paraplegia: 

1.  Sphincteric  disturbance  due  to  lumbo-sacral  wound  but 
without  prolonged  paraplegia. 

2.  Sphincteric  disturbance  with  lumbo-sacral  wound  and 
prolonged  or  permanent  paraplegia. 

3.  Sphincteric  disturbance  with  wound  or  foreign  body  proxi- 
mate to  the  lumbo-sacral  region. 

4.  Associated  disturbance  of  the  sphincters  of  rectum  and  blad- 
der after  pelvic  wounds. 

5.  Sphincteric  disturbance  due  to  cerebral  trauma. 

There  exists  a  true  syndrome  due  to  lumbar  concussion  char- 
acterized by  three  symptoms — Imnbar  pain,  hematuria  and 
sphincteric  disturbance. 

As  to  prognosis  all  that  we  can  say  is  that  the  hematuria  and 
paralysis  usually  disappear  rapidly  while  the  lumbar  pain  and 
the  sphincteric  disturbance  may  be  more  persistent.  The 
Imnbar  pain  type  (A-1)  is  the  mildest  form  resulting  from  a 
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concussion  of  the  lumbar  region  whether  directly  due  to  the  pro- 
jectile or  because  the  patient  has  been  thrown  down  and  injured 
his  loin.  I  take  no  account  of  those  mild  and  temporary  cases 
when  the  patient  can  reach  the  ambulance  unaided  but  only  of 
grave  conditions  that  prohibit  all  movement,  comparable  to 
severe  lumbago,  and  in  which  the  severity  of  the  injury  is  attested 
by  subsequent  ecchymosis  or  hematoma. 

We  may  note  in  passing  that  these  patients  are  not  urological 
cases  in  the  true  sense  of  the  word.  They  come  to  our  wards 
because  they  have  pain  ''in  the  kidneys"  and  also  because  they 
sometimes  pass  blood,  but  except  for  this  complication  they 
should  rather  be  sent  to  centres  of  neurology  or  of  mechano- 
therapy which  treat  them  better  than  we  can  do. 

I  shall,  therefore,  take  no  account  of  motor  or  sensory  troubles 
seen  in  30  of  my  cases,  bed  sores  (3  cases)  or  vaso-motor  dis- 
turbances (scarcely  any).  Apart  from  these  troubles  we  may 
classify  our  65  cases  as  follows : 

Case-i 

Sphincteric  disturbance  with  lumbo-sacral  wound  and  without  i)ro- 

longed  paraplegia 17 

Lumbo-renal  concussion  with  hematuria,  without  external  wound, 

with  or  without  sphincteric  disturbance 16 

Lumbar  concussion  with  sphincteric  disturbance,  without  external 

wound,  with  or  without  motor  disturbance 10 

Sphincteric  disturbance  with  wound  or  foreign  body  adjacent  to 

the  lumbo-sacral  region 8 

Sphincteric  disturbance  with  lumbo-sacral  wound  with  prolonged  or 

permanent  paraplegia 5 

Sacral  or  pelvic  concussion  with  vesical  or  urethral  bleeding,  with 

or  without  sphincteric  disturbance 4 

Lumbar  concussion  without  sphincteric  disturbance  (lumbar  pain 

type) 3 

Sphincteric   disturbance   of  rectum   and  bladder  following  pelvic 

wound 1 

Sphincteric  disturbance  due  to  cerebral  trauma 1 

Finally  in  33  of  these  cases  there  was  no  external  wound;  in 
32  there  were  wounds  of  greater  or  less  severity.  Two  of  these 
died  of  their  wounds. 
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•     PATHOGENESIS   AND    PATHOLOGICAL   ANATOMY 

The  chief  interest  in  this  type  of  eases  centers  about  the 
sphincteric  disturbances  of  the  bladder  neck  and  anus  and 
especially  in  the  injuries  to  the  deeper  parts  occurring  in  cases 
that  show  no  external  wound.  Our  colleagues  Guillain  and  Heitz 
were  among  the  first  to  note  these  cases  and  the  latter  has  col- 
lected 5  cases  of  organic  paraplegia  resulting  from  shell  explosion 
without  external  wound. 

The  sphincteric  function  is  controlled  by  the  fourth  and  fifth 
sacral  segments  and  the  uro-genital  centers  are  situated  at  the 
level  of  the  conus  which  lies  on  the  level  of  the  twelfth  dorsal 
vertebra.  In  this  region  the  following  four  centers  are  super- 
posed: (1)  Ano-spinal  center  of  Alasius ;  (2)  vesico-spinal  center 
of  Bunge;  (3)  genito-spinal  center  of  Gianuzzi;  (4)  erection 
center  of  Eckhardt. 

^lanifestly,  therefore,  any  lesions  of  this  region  may  determine 
corresponding  peripheral  functional  disturbance,  and  lesions  of 
the  same  region  of  the  spinal  cord  may  result  in  incontinence, 
retention,  priapism  or  impotence,  for  these  phenomena  although 
so  different  are  controlled  by  these  adjacent  centers,  whether  the 
injury  is  to  the  center  itself  or  to  the  cauda  equina  producing  the 
syndrome  so  well  studied  by  Lhermit. 

Apart  from  such  physiological  localizations,  what  are  the 
anatomo-pathological  lesions  that  cause  these  sphincteric  dis- 
turbances? The  lack  of  autopsy  material  leaves  this  question 
still  in  the  domain  of  hj'pothesis,  but  we  may  well  believe  that 
the  lesions  vary  according  to  the  clinical  type.  In  the  painful 
type  they  are  doubtless  purely  parietal,  such  as  rupture  of  mus- 
cular fibers  in  the  sacro-lumbar  muscle  produced  by  the  phe- 
nomenon spoken  of  as  a  ''snap  of  a  whip,"  in  other  cases  rupture 
of  ligaments  or  bone  with  or  without  hematoma,  with  or  without 
infiltration  of  blood  or  IjTnph. 

In  the  hematuric  type  there  is  e\'idently  an  injury  to  the  renal 
parench\ana,  but  not  to  the  pelvis,,  resulting  from  concussion 
of  this  organ  against  the  transverse-costal  ligament  or  by  direct 
violence  (16  cases). 


334  F.    CATHELIN 

In  the  graver  forms  with  sphincteric  disturbance  and  with 
or  without  paraplegia  there  are: 

1.  Cloudiness  of  the  cerebro -spinal  fluid,  probably  due  to 
slight  lesions,  which  disappears  rapidly.  That  the  lesion  is 
mechanical  and  not  inflammatory  is  attested  by  the  instantane- 
ous appearance  of  the  hematomyelia. 

2.  Medullary  lesions  in  the  conus,  or  lesions  of  the  blood  ves- 
sels of  spinal  nerve  roots.  The  following  have  been  found:  (a) 
Cellular  changes;  (b)  small  cortical  or  central  hemorrhages; 
(c)  cellular  lacerations  (elongation);  (d)  disturbance  of  the 
lymphatic  peri-cellular  circulation. 

The  preservation  of  sensibility  to  touch  and  heat  by  certain 
paraplegics  shows  that  there  is  a  lesion  of  the  posterior  nerve 
roots.  Temporary  phenomena  suggest  rupture  of  blood  vessels 
and  prompt  absorption  of  the  hematoma. 

Functional  disturbances  with  open  wounds  are  more  readily 
explained  and  vary  in  the  quality  and  degree  of  traumatism, 
whether  partial  or  transverse,  the  gravest  form  being  total  section 
of  the  spinal  cord  resulting  from  severe  fractures  or  dislocations 
of  the  vertebrae. 

DISSOCIATION  OF  VESICAL  AND  ANAL  SPHINCTERIC  DISTURBANCES 

One  of  the  most  curious  characteristics  of  these  injuries  is  the 
lack  of  association  noted  by  disturbance  of  the  vesical  sphincter 
and  that  of  the  anal  sphincter.  Thus,  among  my  65  cases  5 
at  most  had  fecal  retention  and  3  fecal  incontinence  (chiefly  in 
the -form  of  diarrhoea)  making  a  total  of  8  cases  of  anal  sphincteric 
disturbance.  This  fa.ct  is  most  curious  in  view  of  the  close  prox- 
imity of  the  spinal  centers  presiding  over  the  action  of  these  two 
sphincters,  there  being  only  a  few  millimetres  between  them. 
It  is  thus  difficult  to  explain  a  disturbance  of  one  (whatever  the 
cause)  while  the  other  remains  intact. 

PROGNOSIS   AND    TREATxMENT 

The  prognosis  is  often  grave  and  the  treatment  often  inefficient. 
1.  For  lumbar  pain  the  patient  is  placed  in  bed  and  hot  moist 
compresses  applied  at  first  followed  later  by  cauterization. 
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2.  For  the  hematuria  Lechelle  water  is  almost  specific,  given 
in  doses  of  2  cc.  every  hour,  with  absolute  rest  and  small  doses  of 
hexamethylenamin  to  prevent  renal  infection. 

3.  When  there  is  sphincteric  disturbance: 

a.  For  false  incontinence  due  to  relaxation  of  the  internal 
sphincter  the  treatment  is  epidural  injection. 

h.  If  the  incontinence  is  due  to  retention  the  retention  catheter 
is  employed. 

c.  If  the  retention  is  complete  without  incontinence  the  cathe- 
ter will  be  passed  at  regular  intervals  and  instillations  of  silver 
nitrate  employed  in  strength  of  1 :  1000.  We  have  cured  several 
cases  by  this  treatment. 

4.  If  the  sphincteric  disturbance  is  accompanied  by  paraplegia 
the  prognosis  is  very  grave  for  the  paraplegia  may  prove  per- 
manent. However,  the  following  signs  we  have  found  suggestive 
of  temporary  paraplegia  due  to  transitory  organic  change,  i.e., 

a.  Fibrillary  contractions  in  the  muscles  when  the  patient 
tries  to  lift  his  two  legs. 

h.  Normal  reflexes  of  the  lower  extremities. 

c.  Preservation  of  good  general  condition  and  absence  of  bed 
sores. 

d.  Shght  improvement  in  the  first  few  days. 
Nevertheless,  I  repeat  the  prognosis  in  these  cases  is  extremely 

grave  both  as  to  the  paralysis  of  the  lower  extremities  and  as  to 
that  of  the  sphincters. 

The  lesions  of  the  spinal  cord  and  of  the  lower  spinal  nerves, 
particularly  those  of  the  cauda  equina,  are  thus  extremely  varied 
in  their  pathology  and  consequently  in  theh*  clinical  manifesta- 
tions. Hence,  it  is  that  the  classical  syndrome  of  lesion  to  the 
Cauda  equina  characterized  by  motor  and  sensory  disturbance 
of  the  lower  extremities,  sphincteric  disturbance  and  vaso-motor 
and  trophic  disturbance,  is  rarely  found. 

We  have  noted  various  associations  of  these  multiple  symptoms 
with  sphincteric  disturbance  but  scarcely  ever  with  trophic 
disturbances.     Bed  sores  and  vaso-motor  changes  are  very  rare. 

This  is  frequently  due  to  the  topography  of  the  lesions  and  the 
multiplicity  of  the  nerves  whose  functions  are  well  known  and 
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individual.     Hence    the    clinical    dissociation — the    absence    of 
classical  syndrome. 

The  mechanical  cause  of  injury  in  our  cases  was  as  follows: 

Open  wounds 

Cases 

a.  Due  to  shell  fragment 25 

b.  Due  to  bullets: 

(1)  Shrapnel 7 

(2)  Rifle 4 

(3)  Machine  gun 2 

The  sphincteric  disturbance  may  be  classified  as  follows : 

Concussion  or  contusion 

Cases 

a.  Due  to  falling 12 

b.  Due  to  burial 6 

c.  Due  to  fall  after  being  thrown  into  the  air 7 

d.  Due  to  air  concussion 2 

Primary  incontinence 7 

Primary  retention 34 

Late  or  secondary  incontinence 17 

Late  or  secondary  retention 3 

It  is  important  to  note  that  in  the  great  majority  of  cases  the 
retention  is  primary  and  that  10  of  the  cases  of  incontinence 
occurred  late  following  retention.  In  the  actual  state  of  oui* 
knowledge  it  is  indeed  difficult  to  give  a  plausible  explanation 
for  this  succession  of  events. 
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STUDY  OF  THE  ORIGIN  AND  DEVELOPMENT  OF 

ITS  INHERENT  GLANDULAR  ELEMENTS 

ERNEST  M.  WATSON 

From  the  James  Buchanan  Brady  Urological  Institute,  Johns  Hopkins  Hospital, 

Baltimore,  Maryland 

The  last  decade  has  brought  forth  a  weahh  of  chnical  study  and 
observation  on  the  possible  role  of  pathological  conditions  of  the 
verumontanum  underlying  certain  disorders  of  the  posterior 
urethra.  It  has  now  been  well  established  that  symptomatic 
relief  is  afforded  in  many  instances  by  therapeutic  measures  ap- 
plied directly  to  the  verumontanum.  A  satisfactory  explana- 
tion of  this  modus  operandi  is  not  always  apparent  nor  will  this 
be  entirely  understood  until  we  have  a  clearer  conception  of  the 
structure,  physiology  and  pathology  of  this  organ. 

First  described  by  Morgagni  (1)  and  later  discussed  by  Albinus 
(2)  and  by  Schlichting  (3),  the  verumontanum  remained  an  ob- 
ject of  only  passing  interest  until  Weber  (4)  pointed  out  the 
striking  developmental  analogy  between  the  sinus  pocularis  con- 
tained therein  and  the  uterus  of  the  female.  Later  studies  con- 
cerning the  physiology  of  the  verumontanum  by  Walker  (5) 
and  clinical  observations  by  Sw^inbourne  (6),  Ruggles  (7),  Ran- 
dall (8),  R}i:ina  (9)  and  others  have  done  much  to  increase  our 
knowledge  of  this  little  understood  but  highly  important  struc- 
ture. More  recently  Rytina  (10)  has  given  us  a  comprehensive 
study  of  its  histology  and  gross  anatomy  as  seen  in  adult  life. 

Concerning  the  development  of  the  vermnontanum  there  is  a 
surprising  dearth  of  any  accurate  information.  The  notation 
that  the  region  of  the  urogenital  sinus  wherein  empty  the  two 
primary  excretory  ducts  (ejaculatory  ducts)  becomes  raised  into 
a  definite  prominence  (Miiller's  hillock)  and  that  this  later  con- 
tains the  sinus  pocularis  or  prostatic  utricle  and  the  terminal 
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portions  of  the  two  ejaculatory  ducts  comprises  about  all  of  our 
knowledge  regarding  the  formation  of  the  verumontan.um.  In 
a  more  detailed  report  (11)  the  study  of  the  origin  and  develop- 
ment of  the  verumontanum  has  been  recorded  at  length. 

At  the  thirteenth  week  of  fetal  life  the  region  of  the  urethral 
floor  wherein  open  the  two  primary  excretory  ducts  (common 
ejaculatory  ducts)  is  raised  in  the  form  of  a  small  oval  promi- 
nence which  is  the  enlarged  hillock  of  Miiller  or  Miiller's  tubercle 
now  termed  the  verumontanum.  This  prominence  measures  0.7 
mm.  long,  0.7  mm.  wide,  and  0.4  mm.  in  height.  Its  upper 
portion  has  its  origin  in  three  longitudinal  striae  starting  just 
below  the  internal  sphincter  which  increase  in  size  as  they  tra- 
verse the  posterior  urethra  and  finally  become  a  part  of  the 
verumontanum  itself.  Below  at  its  inferior  margin  three  similar 
striae  emerge  and  gradually  decrease  in  size  until  they  become 
a  part  of  the  urethral  floor.  The  verumontanum  at  this  time  is 
composed  of  a  mass  of  undifferentiated  mesenchymatous  cells 
budding  forth  from  the  floor  of  the  prostatic  urethra  not  unlike 
those  going  to  form  the  prostatic  intertubular  substance  and  the 
walls  of  the  urethra.  It  is  covered  by  a  triple  cell  layer  of  epi- 
thelial cells  which  is  continuous  with  the  lining  epithelium  of 
the  posterior  urethra.  The  terminal  portions  of  the  ejaculatory 
ducts  course  through  the  verumontanum  and  open  on  either 
side  of  its  summit  or  tip.  The  prostatic  utricle  at  this  stage  is 
contained  partly  within  the  verumontanum  and  partly  within 
the  prostatic  substance  and  exists  as  an  elongated  sac-like  cavity 
0.4  mm.  in  length.  At  this  time  there  is  no  evidence  of  any 
tubular  elements  entering  into  the  formation  of  the  verumon- 
tanum. Its  mesenchymatous  cells,  however,  are  more  closely 
packed  and  take  the  stain  more  deeply  than  those  entering  into 
the  formation  of  the  intertubular  prostatic  substance. 

By  the  fourteenth  week  the  verumontanum  has  increased  no- 
tably in  height  and  now  measures  0.7  mm.  long,  0.7  mm.  wide, 
and  1.3  mm.  in  height.  Only  one  stria  of  elevation  is  observed 
entering  into  its  formation  above  and  a  single  midhne  elevation 
proceeds  from  the  terminal  portion  below.  The  substance  of  the 
organ  is  still  composed  of  a  mass  of  undifferentiated  mesenchy- 
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matous  cells  but  about  the  two  ejaculatory  ducts  and  the  pros- 
tatic utricle  they  are  more  closely  packed  and  take  the  stain 
with  greater  avidity  than  in  the  earher  specimen.  The  mucous 
covering  of  the  verumontanum  in  the  meantime  has  undergone 
very  definite  changes.  Over  the  upper  portion  near  the  termina- 
tion of  the  superior  stria  and  continuing  well  up  to  include  the 


Fig.  1.  Specimen  768c,  Carnegie  Embryological  Collection 

Fetus  80.3  mm.  long,  thirteen  weeks  old.  Transverse  section  through  the 
upper  portion  of  the  verumontanum.  A,  prostatic  utricle;  B,  left  ejaculatory 
duct;  C,  right  ejaculatory  duct. 


tip  or  summit  of  the  organ,  the  epithehal  covering  has  become 
extremel}^  irregular  forming  many  pit-hke  depressions.  These 
in  certain  areas  have  become  well  marked  invaginations  which 
dip  boldly  into  the  substance  of  the  verumontanum  forming 
definite  glandular  tubules.  These  first  observed  glandular  ele- 
ments  of  the  organ  are  of  unmistakable  mucous  membrane 
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origin  and  occupy  a  position  over  the  upper  portion  and  in  the 
peripheral  zone  being  situated  for  the  most  part  above  the  open- 
ings of  the  ejaculatory  ducts.  The  utricle  at  this  time  is  con- 
tained entirely  within  the  verumontanum  and  exists  as  a  sword 
shaped  closed  cavity  0.6  mm.  in  length  lined  with  several  layers 


Fig.  2.  Specimen  1358e,  Carnegie  Embryological  Collection 

Fetus  105  mm.  long,  fourteen  weeks  old.  Transverse  section  through  the 
upper  portion  of  the  verumontanum.  A,  prostatic  utricle;  B,  left  ejaculatory 
duct;  C,  right  ejaculatory  duct;  D,  peripheral  gland  tubules  of  mucous  mem- 
brane origin;  E,  fibrous  strands  connecting  the  tip  of  the  verumontanum  to  the 
roof  of  the  urethra  (an  anomaly). 


of  epithelial  cells.  On  either  side  of  the  utricle  the  ejaculatory 
ducts  run  in  a  parallel  path  to  open  on  either  side  of  the  tip  of 
the  verumontanum  into  the  posterior  urethra. 

The  next  specimen  studied  at  sixteen  weeks  disclosed  several 
interesting  facts.     At  this  period  the  verumontanum  measures 
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1.25  mm.  long,  0.6  mm.  wide  and  0.4  mm.  high.  The  three 
superior  striae  previously  mentioned  are  readily  identified  and 
merge  without  incident  to  form  the  upper  portion.  Below  three 
similar  folds  proceed  from  its  terminal  portion  and  gradually 
decrease  in  size  until  they  become  lost  in  the  urethral  floor  in 


Fig.  3.  Specimen  1018,  Carnegie  Embkyological  Collection 

Fetus  130  mm.  long,  sixteen  weeks  old.  Transverse  section  through  the 
middle  of  the  verumontanum.  A,  prostatic  utricle;  B,  left  ejaculatory  duct; 
C,  right  ejaculatory  duct;  D,  gland  tubules  of  prostatic  origin  (middle  lobe) 
entering  into  the  base  and  sub-peripheral  portion  of  the  verumontanum. 


the  direction  of  the  membranous  urethra.  The  substance  of  the 
verumontanum  is  still  made  up  for  the  most  part  of  undifferen- 
tiated mesenchjTnatous  cells.  The  epithelial  covering  is  rela- 
tively free  from  irregularities  over  the  upper  portion  of  the  veru- 
montanum in  this  specimen  but  below  the  openings  of  the  ejacu- 
latory ducts  the  characteristic  pit  formation  is  well  observed. 
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Still  further  down  toward  its  inferior  margin  and  in  the  periph- 
eral zone  definite  tubules  of  mucous  membrane  origin  are  present 
lying  well  imbedded  within  the  mesenchyme  of  the  verumon- 
tanum. 

Just  below  the  mucous  membrane  of  the  upper  half  of  the 
organ  the  previously  undifferentiated  mesenchyme  has  become 
more  specialized,  a  portion  of  which  can  now  be  recognized  as 
forming  a  stroma-like  sheath.  Enclosed  within  this  sheath  or 
capsule-like  covering  are  located  the  prostatic  utricle  and  ejacu- 
latory  ducts.  In  addition  are  certain  gland  tubules  situated 
in  the  subperipheral  zone.  By  careful  study  through  many 
serial  sections  these  are  found  to  originate  from  the  prostatic 
middle  lobe  (suburethral  portion)  and  to  have  been  pushed  up- 
ward from  their  original  site  by  the  slanting  course  of  the  ejacu- 
latory  ducts  and  utricle  to  occupy  a  position  within  the  veru- 
montanum  itself.  This  group  of  tubules  constitutes  the  second 
set  of  glandular  elements  contained  within  the  verumontanum 
which  by  their  origin  and  position  are  clearly  apart  from  those 
of  mucous  membrane  origin  observed  first  in  the  specimen  at 
fourteen  weeks.  All  of  the  tubules  thus  far  observed,  namely, 
those  of  mucous  membrane  origin  occupying  the  peripheral  zone 
and  those  of  prostatic  origin  located  in  the  subperipheral  area 
open  through  the  lateral  aspects  of  the  verumontanum  into  the 
prostatic  urethra.  The  utricle  measures  0.6  mm.  in  length  in 
this  specimen  and  exists  as  a  closed  cavity  lined  with  several 
layers  of  epithelial  cells.  Its  contour  in  general  is  sword  shaped. 
The  ejaculatory  ducts  after  an  upward  slanting  parallel  course 
open  without  incident  on  either  side  of  the  verumontanum  near 
its  tip. 

In  the  specimen  at  nineteen  weeks  only  two  striae  enter  into 
the  formation  of  the  verumontanum  above,  the  middle  elevation 
being  lacking.  Below  toward  the  membranous  urethra  only  one 
stria  is  present,  namely,  the  central  elevation,  the  two  lateral 
ridges  here  being  absent.  The  differentiation  of  the  peripheral 
mesenchyme  into  a  stroma  sheath  is  even  more  strikingly  shown 
at  this  time  and  within  this  sheath  a  few  undifferentiated  cells 
still  persist.     The  epithelium  covering  the  verumontanum  shows 
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the  usual  irregularity  and  pitting  with  definite  invaginations  and 
tubule  fonnation  though  this  is  here  not  so  strikingly  shown  as 
in  the  previous  stages.  In  the  subperipheral  zone  are  found 
the  tubules  of  prostatic  origin  (from  the  suburethral  portion 
of  the  middle  lobe)  as  was  first  observed  during  the  sixteenth 
week.     For  the  most  part  all  the  tubules  extend  parallel  to  the 


Fig.  4.  Specimex  1040,  Carnegie  Embryological  Collection 

Fetus  171.4  mm.  long,  nineteen  weeks  old.  Transverse  section  through  the 
lower  portion  of  the  verumontanum.  ^4,  gland  tubules  of  prostatic  origin 
(middle  lobe). 


long  axis  of  the  verumontanum  with  their  bUnd  ends  pointing 
upward  toward  the  internal  sphincter  and  their  openings  toward 
the  membranous  urethra.  The  specimen  studied  at  nineteen 
weeks  shows  no  striking  changes  over  the  pre\'ious  one  for  the 
interval  just  passed  has  been  a  period  of  growth  of  the  structures 
already  present  rather  than  the  fonnation  of  new  tubules.     Dur- 
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ing  this  time  the  tubules  of  prostatic  origin  have  definitely  in- 
creased in  number  and  all  open  along  the  sides  of  the  verumon- 
tanum  into  the  posterior  urethra.  The  utricle  at  this  time  is 
contained  partly  within  the  prostatic  substance  and  partly  within 
the  verumontanum  proper  and  still  exists  as  a  sword  shaped 
closed  cavity  1.2  mm.  in  length.  The  ejaculatory  ducts  open 
into  the  posterior  urethra  on  either  side  of  the  verumontanum 
and  show  no  evidence  of  any  cell  accumulation  at  their  orifices 
that  might  be  construed  to  be  the  anlage  of  a  sphincter  ejacula- 
torius  as  has  been  suggested  by  some  writers.  The  verumon- 
tanum measures  at  this  time  2.5  mm.  long,  0.9  mm.  wide,  and 
0.5  mm.  in  height. 

At  the  twenty-first  week  of  fetal  life  the  three  superior  striae 
are  easily  recognized  and  soon  become  lost  in  the  irregularities 
of  the  ( pithelial  covering  of  the  upper  third  of  the  verumontanum. 
Below  the  three  inferior  striae  gradually  decrease  in  size  until 
they  reach  the  level  of  the  urethral  floor.  The  verumontanum 
measures  at  this  time  1.4  mm.  long,  1.0  mm.  wide,  and  0.7  mm. 
in  height.  As  in  the  earlier  specimens  its  epithelial  covering  is 
cjuite  irregular  forming  many  pits  or  depressions  and  in  places 
well  defined  tubules.  These  tubules  occupy  a  position  in  the 
peripheral  zone  of  the  organ  and  all  open  directly  into  the  poste- 
rior urethra  along  its  sides  or  lateral  aspects.  In  addition  to 
being  located  entirely  along  its  periphery  they  are  found  more 
particularly  in  its  upper  third  toward  the  internal  sphincter. 

The  second  group  of  tubules  of  prostatic  origin  are  here  well 
formed  and  occupy  a  position  in  the  subperipheral  zone  situated 
for  the  most  part  along  the  middle  third  of  the  organ.  These 
tubules  some  five  or  six  in  number  likewise  all  open  into  the 
urethra  along  the  lateral  margins  of  the  verumontanum.  The 
utricle  is  first  encountered  in  the  substance  of  the  prostate  before 
the  real  elevation  of  the  verumontanum  is  reached  but  for  the 
greater  part  is  enclosed  within  the  prominence  of  the  verumon- 
tanum. It  still  remains  as  a  closed  cavity  lined  with  several 
layers  of  epithelial  cells  and  measures  1.4  mm.  in  length.  The 
ejaculatory  ducts  pursue  an  upward  slanting  course  and  open 
on  either  side  near  the  tip  of  the  verumontanum.     As  in  the 
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previous  specimens  its  lower  or  inferior  third,  i.e.,  that  portion 
from  which  arise  the  inferior  striae,  is  made  up  entirely  of  stroma 
cells. 

At  the  twenty-fifth  week  the  usual  three  superior  striae  en- 
tering into  the  formation  of  the  verumontanum  above  and  the 


Fig.  5.  Specimen  1171,  Carnegie  Exibryological  Collection 

Fetus  178  mm.  long,  twenty-one  weeks  old.  Transverse  section  through  the 
upper  portion  of  the  verumontanum.  A,  Prostatic  utricle;  B,  left  ejaculatory 
duct;  C,  right  ejaculatory  duct;  D,  tubules  of  mucous  membrane  origin;  E, 
pitting  of  the  mucous  membrane  to  form  tubules. 


three  similar  elevations  proceeding  from  it  below  are  easily  recog- 
nized. The  peripheral  portion  of  the  upper  third  is  now  com- 
posed almost  entirely  of  glandular  tubules  of  mucous  membrane 
origin  all  of  which  open  into  the  urethra  along  its  sides.  Be- 
neath the  periphery  the  layer  of  deeper  tubules  of  prostatic  ori- 
gin is  encountered.     A  few  of  these  are  seen  occupying  a  posi- 
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tion  in  the  upper  third  of  the  organ  but  for  the  most  part  they 
are  confined  to  the  middle  third  of  the  structure. 

In  addition  to  the  two  sets  of  tubules  mentioned  above  there  is 
noted  at  this  time  a  series  of  evaginations  from  the  cavity  of  the 
utricle  itself.     These  take  the  form  of  a  definite  pitting  of  the 
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Fig.  6.  Specimen  1172,  Carnegie  Embryological  Collection 

Fetus  221  mm.  long,  twenty-five  weeks  old.  A,  Prostatic  utricle  showing 
the  irregularity  of  its  lining  membrane;  B,  left  ejaculatory  duct  show- 
ing the  irregularity  of  its  walls;  C,  right  ejaculatory  duct;  D,  gland  tubules  of 
mucous  membrane  origin. 

mucous  lining  and  in  places  of  unquestioned  tubule  formation 
situated  for  the  most  part  in  the  midline  and  extending  dorsal- 
ward  toward  the  base  of  the  verumontanum.  The  utricle  exists 
entirely  within  the  verumontanum  as  a  closed  cavity  0.5  mm. 
long.  At  this  time  is  noted  an  elongation  of  the  roof  of  the 
utricle  cavity  toward  the  urethra  indicating  the  path  of  its  fu- 
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ture  opening  at  the  summit  or  tip  of  the  venimontanum.  The 
ejaculatorj'  ducts  show  in  this  specimen  a  sHght  irregularity  of 
their  walls  but  this  is  not  of  a  degree  sufficient  to  be  called  pit 
formation  and  is  not  as  extensive  as  observed  in  the  cavity  of  the 
utricle.  The  ducts  open  on  either  side  of  the  venimontanum 
into  the  posterior  urethra. 

The  next  specimen  studied  at  thirty-one  weeks  shows  the  cus- 
tomary three  superior  striae  merging  to  form  the  verumontamun 
above  and  four  similar  ridges  of  elevation  proceeding  from  its 
substance  toward  the  urethral  floor  below.  It  measures  at  this 
time  4.25  mm.  long,  1.4  nrni.  wide,  and  0.3  mm.  in  height.  As 
has  been  previously  pointed  out  the  epithelium  covering  the 
upper  third  of  the  organ  is  extremely  irregular,  giving  rise  to  the 
characteristic  pitting  and  tubule  formation,  which  glandular 
elements  are  confined  entirely  to  the  peripheral  zone.  Below  in 
the  portion  tenned  the  subperipheral  strata,  the  tubules  of 
prostatic  origin  are  readily  recognized.  All  of  the  above  men- 
tioned glandular  elements  open  directly  into  the  posterior  urethra 
through  the  sides  of  the  verumontanum  itself.  The  third  group 
of  tubules  occupying  a  position  in  the  center  of  the  organ  as 
periutricular  structures  are  easily  identified  by  their  origin  from 
the  evaginating  utricle  lining.  This  latter  group  without  excep- 
tion empty  entirely  into  the  cavity  of  the  utricle.  Between  the 
twenty-fifth  and  thirty-first  weeks  the  utricle  opens  into  the 
prostatic  urethra  and  at  the  latter  time  it  has  a  wide  bifurcated 
lumen  somewhat  suggestive  perhaps  of  its  origin  from  the  fusion 
of  the  two  IMiillerian  ducts.  It  measures  at  this  time  3.5  mm. 
in  length.  The  ejaculatory  ducts  show  some  irregularity  of  their 
walls  during  their  course  through  the  verumontanum  but  other- 
wise they  appear  as  in  the  earlier  stages  and  open  on  either 
side  of  the  tip  of  the  verumontanum.  The  orifices  of  the  ejacu- 
latory ducts  are  gaping  and  there  is  no  evidence  of  any  sphincteric 
fibers  at  their  termination. 

The  last  specimen  studied,  at  birth,  shows  the  three  usual 
superior  striae  entering  into  the  formation  of  the  verumontanum 
above  and  the  same  nmnber  proceeding  from  its  inferior  portion 
below  toward  the  membranous  urethra.     Over  the  upper  third 
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of  the  organ  the  irregularity  of  the  mucous  covering  is  still  pres- 
ent and  beneath  in  the  peripheral  zone  the  tubules  of  mucous 
membrane  origin  are  readily  recognized.  As  further  sections 
are  studied  toward  the  middle  of  the  organ  the  second  group  of 
tubules  of  prostatic  origin  appear.  Both  of  these  two  sets  of 
tubules  are  contained  within  the  stroma  sheath  of  the  veru- 


FiG.  7.  Specimen  7,  Johns  Hopkins  Hospital  Obstetrical  Service 

Fetus  276  mm.  long,  thirty-one  weeks  old.  Transverse  section  through  the 
upper  portion  of  the  verumontanum.  A,  Prostatic  utricle;  B,  left  ejaculatory 
duct;  C,  right  ejaculatory  duct;  D,  gland  tubules  of  mucous  membrane  origin; 
E,  gland  tubules  of  utricular  origin  later  opening  into  the  prostatic  utricle. 


montanum  which  was  formed  from  the  outlying  strata  of  mesen- 
chyme. The  tubules  of  prostatic  origin,  all  situated  in  the  sub- 
peripheral  zone,  comprise  over  half  of  the  glandular  elements  of 
the  middle  third  of  the  organ  and  are  most  numerous  just  beyond 
the  openings  of  the  utricle  and  ejaculatory  ducts.  The  extreme 
inferior  portion  of  the  verumontanum  is  made  up  only  of  stroma 
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covered  with  the  characteristic  epithelial  cells  continuous  with 
the  lining  of  the  urethra. 

The  utricle  exists  as  a  sac-like  cavity  lined  with  several  layers 
of  epithelial  cells  and  opens  through  a  wide  gaping  orifice  into 
the  posterior  urethra  at  the  tip  of  the   verumontanuni.     The 


Fig.  8.  Specimen  8,  Johns  Hopkins  Hospital  Pathological  Service 

Fetus  338  mm.  long  at  birth.  Transverse  section  through  the  tip  of  the  veru- 
montanum.  A,  Opening  of  the  prostatic  utricle  into  the  urethra;  B,  opening  of 
left  ejaculatory  duct;  C,  right  ejaculatory  duct;  D,  tubules  of  mucous  mem- 
brane origin;  E,  gland  tubules  of  prostatic  origin;  F,  gland  tubules  of  utricular 
origin. 

third  group  of  tubules  arising  from  the  evagination  of  the  lining 
of  the  utricle  are  now  quite  numerous  and  occupy  a  position  in 
the  central  zone  of  the  verumontanum.  These  are  definitely 
separated  from  the  other  two  groups  of  glandular  elements  and 
open  directly  into  the  cavity  of  the  utricle.  They  are  situated 
for  the  most  part  in  the  midline  directly  beneath  the  floor  of 
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the  utricle  though  a  few  scattered  nests  of  tubules  are  found 
along  the  lateral  margins  of  the  cavity.  The  utricle  measures  at 
this  time  0.3  mm.  in  length  and  is  cone  shaped  with  its  apex  at 
the  opening  into  the  urethra.  The  ejaculatory  ducts  in  their 
course  through  the  verumontanum  retain  to  a  considerable 
measure  the  irregularity  of  their  walls  observed  in  the  last  speci- 
men but  in  no  case  do  they  give  rise  to  any  tubule  formation. 
They  finally  open  simultaneously  on  either  side  of  the  veru- 
montanum near  its  tip  with  orifices  widely  dilated  and  with  no 
evidence  of  any  sphincteric  fibers  present. 

SUMMARY 

1.  At  the  thirteenth  week  of  fetal  life  the  verumontanum 
exists  as  a  cell  mass  budding  forth  from  the  mid-portion  of  the 
floor  of  the  prostatic  urethra.  It  is  composed  of  undifferentiated 
mesenchyme  with  no  glandular  elements  and  contains  the  pros- 
tatic utricle  and  the  distal  portions  of  the  ejaculatory  ducts. 
Three  ridges,  the  superior  striae,  merge  to  form  its  elevation 
above  and  a  like  number,  the  inferior  striae,  proceed  from  its 
terminal  portion  below. 

2.  The  first  group  of  gland  tubules,  of  mucous  membrane  origin, 
appear  by  the  fourteenth  week.  These  occupy  the  peripheral 
zone  of  the  upper  third  of  the  organ. 

3.  The  second  group  of  tubular  elements  arising  from  the  pros- 
tatic middle  lobe  (suburethral  portion)  appear  by  the  sixteenth 
week.  These  for  the  most  part  are  located  in  the  middle  third 
of  the  verumontanum  in  the  subperipheral  zone. 

4.  The  third  set  of  tubules,  arising  from  the  evagination  of  the 
lining  of  the  utricle  appear  by  the  twenty-fifth  week.  These  are 
situated  in  the  central  zone  of  the  organ  as  periutricular 
structures. 

5.  The  utricle  opens  into  the  urethra  between  the  twenty-fifth 
and  thirty-first  week. 

6.  At  birth  the  three  sets  of  tubules  can  be  readily  identified 
located  in  their  respective  zones  of  distribution.  Those  of 
mucous  membrane  origin  and  those  of  prostatic   origin   open 
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into  the  urethra  along  the  sides  of  the  verumontanum,  while 
those  of  utricular  origin  open  directly  into  the  cavity  of  the 
utricle. 

My  thanks  are  due  Dr.  Hugh  H.  Young,  director  of  the  James 
Buchanan  Brady  Urological  Institute,  and  Dr.  George  L,  Streeter 
of  the  Embryological  Department  of  the  Carnegie  Foundation 
for  tiieir  many  courtesies  and  Dr.  Charles  W.  Bethime  of  the 
Sister's  Hospital,  Buffalo,  for  the  excellent  photomicrographs. 
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A  STUDY  OF  EXPERIMENTAL  GONOCOCCAL 
INFECTION  IN  ANIMALS 

HARRY  CULVER 

From  the  Department  of  Pathology  and  Bacteriology,  University  of  Illinois,  College 

of  Medicine,  Chicago 

The  recognition  of  a  microorganism  as  the  probable  cause  of 
specific  human  disease  leads  in  the  natural  course  of  events  to 
attempts  to  cultivate  the  organism  and  to  reproduce  the  dis- 
ease by  the  inoculation  of  the  germ  into  animals.  When  the 
organism  is  cultivatable  and  capable  of  producing  specific  disT 
ease  in  susceptible  animals  a  careful  study  of  the  question  of 
immunity  and  pathogenesis  may  be  made  and  valuable  informa- 
tion concerning  both  the  specific  and  non-specific  therapeusis  of 
the  infection  may  be  obtained.  Our  present  understanding  of 
such  important  diseases  as  syphihs  and  tuberculosis  is  due  to  a 
considerable  degree  to  this  method  of  investigation  and  many 
other  equally  striking  examples  might  be  cited  in  connection 
with  other  infectious  diseases. 

Gonorrhoea  has  been  recognized  for  centuries,  there  being 
indeed  bibhcal  descriptions  made  with  sufficient  accuracy  to 
warrant  present  day  recognition  of  this  disease.  Notwithstand- 
ing innumerable  cUnical  reports  appearing  in  early  medical  pub- 
Hcations  with  reference  to  gonorrhoea,  the  beginning  of  modem 
conceptions  of  this  infection  dates  back  to  the  recognition  of  the 
causative  organism  by  Neisser  (1)  in  1870.  At  once  there  were 
numerous  attempts  made  to  cultivate  and  to  produce  experi- 
mental infection  by  animal  inoculation.  Neisser  (2)  failing  to 
get  the  organisms  to  grow  on  artificial  media  inoculated  the  con- 
junctivae of  dogs  with  infectious  pus  but  with  entirely  negative 
results.  Sternberg  (3)  inoculated  the  eyes  and  urethrae  of  dogs 
and  gave  subcutaneous  injections  of  gonorrheal  pus  to  rabbits 
also  without  results.     He  reported  inabiUty  to  produce  infec- 

353 

THE  JOUBNAI.  OF  UKOLOGT,  VOL.  n,  NO.  5 


354  HARRY   CULVER 

tion  by  intraurethral  inoculation  of  cultures  in  volunteer  male 
students.  The  use  of  plain  broth  as  a  culture  medium,  no 
doubt,  explains  why  the  infection  was  not  reproduced. 

It  remained  for  Bumm  (4)  in  1885  to  demonstrate  that  for  the 
isolation  and  artificial  cultivation  of  the  gonococcus  blood  serum 
must  be  present  in  the  medium.  Since  this  time  practically 
all  attempts  at  animal  infection  were  made  with  suspensions  of 
artificially  cultivated  gonococci.  By  this  method  it  has  been  re- 
peatedly shown  that  intraurethral  inoculations  of  pure  cultures 
in  man  almost  invariably  cause  typical  infectiohs. 

Loeffler  and  Leistikow  (5)  were  unsuccessful  in  producing  in- 
fection in  rabbits  by  inoculating  the  abraded  conjunctivae  with 
pure  cultures  of  gonococci.  Similarly  Finger,  Gohn  and  Schlag- 
enhaufer  (6)  failed  to  infect  the  urethrae  or  rectums  of  dogs  or  the 
peritoneum  of  white  mice;  but  they  produced  an  acute  inflam- 
matory condition  within  the  knee  joint  of  a  dog  by  injecting  pure 
cultures  from  serum  agar;  however  they  failed  to  recover  the  in- 
jected microorganisms  from  the  lesions  produced.  This  was 
also  the  experience  of  Nicolaysen  (7). 

In  1896  Heller  (8)  reported  the  production  of  gonorrheal 
ophthalmia  in  young  rabbits  but  his  work  was  not  confirmed  by 
Nicolaysen  (7)  and  de  Christmas  (9).  Wertheim  (10)  first 
treated  gonococci  by  growing  them  on  mouse  serum  agar  before 
injecting  them  intraperitoneally  into  mice  and  reports  a  true  peri- 
tonitis from  the  exudate  of  which  the  organisms  were  isolated 
in  pure  culture  on  the  fifth  day;  but  his  results  have  not  been  con- 
firmed by  other  investigators.  Two-thirds  of  Nicolaysen's  (7) 
white  mice  died  within  twenty-four  hours  after  being  injected 
intraperitoneally  with  gonococcus  suspensions.  The  peritoneum 
showed  only  a  clear  exudate  containing  a  few  round  cells  and  a 
variable  number  of  gonococci  seen  in  smears.  The  organisms 
could  usually  be  cultivated  from  this  exudate,  occasionally  from 
the  heart's  blood  but  never  from  the  spleen.  He  is  of  the 
opinion  that  the  organisms  had  not  multiplied  within  the  experi- 
mental animals  hence  death  was  not  caused  by  infection  proper 
but  probably  to  the  action  of  toxins  liberated  by  autolysis. 
This  he  apparently  demonstrated  by  producing  similar  results 
on  the  introduction  of  either  dead  or  living  bacteria. 


GONOCOCCAL   INFECTION   IN   ANIMALS  355 

The  presence  of  organisms  in  the  blood  stream  after  intraperi- 
toneal injection  has  also  been  shown  by  Wildbolz  (11),  Jundell 
(12),  Morax  (13)  and  Scholtz  (14).  The  latter  author  clauns 
that  only  by  giving  very  heavy  doses  will  there  be  a  real  increase 
with  the  appearance  of  organisms  in  the  blood  and  other  or- 
gans. This  increase  he  beUeves  appears  during  the  agonal  stage 
or  even  after  death,  while  the  organisms  in  the  blood  are  rendered 
passive  by  the  leucocytes.  Pleuritis  of  a  serofibrinous  character 
was  produced  by  Pizzini  (15)  which  caused  the  death  of  the 
animals  in  three  days  at  which  time  the  gonococci  could  not  be 
demonstrated.  Subcutaneous  injections  were  made  in  animals 
by  Steinschneider  and  Schaeffer  (16)  without  result  while 
Maslofsky  (17)  by  similar  methods  produced  sterile  abscesses. 
Pompeani  (18)  inoculated  animals  intravenously,  recovering  the 
organisms  from  the  blood  in  forty-eight  hours.  Endocardial, 
pericardial  and  meningeal  inoculations  have  been  made  by  F. 
Meyer  (19)  and  Jundell  (13)  with  negative  results.  Hewes  (20) 
claims  to  have  produced  genital  gonorrhea  in  female  dogs  and 
Colombini  (21)  claims  the  production  of  similar  infections  in 
dogs  and  rabbits;  however  it  has  been  impossible  to  confirm  this 
work  or  that  of  Sorrentino  (22)  who  reports  the  production  of  a 
genuine  arthritis  in  dogs  and  rabbits. 

An  attempt  was  made  by  de  Christmas  (9)  to  produce  local 
gonococcal  infection  by  first  paralyzing  leucocytosis  and  causing 
local  edema  by  injection  of  lactic  acid,  iodine  or  guaiacol  before 
bacterial  injection  but  he  was  unsuccessful,  the  failure  in  his  opin- 
ion being  due  to  the  normally  high  temperature  of  rabbits  and 
guinea-pigs.  Heat  fast  organisms  have  been  used  under  similar 
conditions  without  success  (23).  de  Christmas  was  successful  in 
obtaining  positive  blood  cultures  in  rabbits  forty-eight  hours 
after  an  intravenous  injection  of  gonococci,  but  after  three  days 
the  blood  was  sterile.  Scholtz  (14)  caused  the  death  of  mice 
in  thirty-six  hours  by  injecting  the  culture  medium  containing 
gonococci  intraperitoneally  and  although  the  spleen  and  peri- 
toneum were  hyperemic  and  swollen,  the  peritoneal  exudate  was 
sterile  after  twenty  hours.  He  was  unable  to  enhance  the  viru- 
lence of  the  gonococci  by  inoculating  the  peritoneum  of  one  ani- 
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mal  directly  from  the  peritoneal  exudate  of  another.  A  similar 
lack  of  increased  virulence  was  noted  by  de  Christmas  after 
successive  passages  through  the  blood  stream  of  animals. 

Wildbolz  (11)  beheves  that  the  cultures  are  not  only  toxic  but 
may  be  infectious,  since  he  injected  a  thirty-five-day  old  culture 
into  the  peritoneal  cavity  of  a  guinea-pig  which  caused  death  in 
thirty-six  hours.  There  were  8  cc.  of  fluid  in  the  abdominal 
cavity  which  contained  many  leucocytes,  many  of  which  were 
filled  with  typical  gonococci.  Reinoculations  gave  a  pure  cul- 
ture. Since  the  microscopic  examination  of  the  old  culture 
showed  only  a  few  whole  organisms  and  the  remainder  partially 
disintegrated  he  feels  justified  in  concluding  that  the  typical 
gonococcal  clusters  were  the  result  of  multiplication  within  the 
animal  body.  This  finding  occurred  but  once  and  has  not  been 
confirmed  by  others.  Moskalew  (24)  believes  that  gonococci 
are  pathogenic  for  white  mice  and  rabbits  since  after  intraperi- 
toneal injection  there  is  at  first  an  increase  in  the  number  of 
organisms  followed  by  death  of  the  animals.  This  temporary 
increase  in  microorganisms  however  has  been  shown  to  be  due 
to  the  presence  of  culture  medium  injected  with  the  bacteria. 
The  sudden  fall  of  body  temperature  of  the  injected  animal 
may  also  improve  the  possibilities  of  such  an  increase,  this  sud- 
den fall  of  temperature  being  due  to  shock  induced  by  the  pro- 
tein injection. 

Anthropoid  apes  seem  equally  as  resistant  to  gonococcal  in- 
fection as  other  experimental  animals  since  Bruck  (25)  was  un- 
able to  produce  any  evidence  of  infection  in  them.  Torrey  has 
demonstrated  gonococci  in  the  heart's  blood  of  guinea-pigs  five 
minutes  after  an  intraperitoneal  injection.  The  blood  of  these 
animals  remained  positive  for  twenty-four  hours  and  gonococci 
could  be  isolated  from  the  peritoneal  exudate  up  to  the  twenty- 
eighth  hour  after  such  injection.  He  believes  that  animal  pas- 
sage increases  the  virulence  of  gonococci,  since  by  ten  animal 
passages  the  minimal  fatal  dose  was  one-fourth  the  original  mini- 
mal fatal  dose.  This  he  reasons  is  due  to  the  adaptive  mechan- 
ism of  the  gonococcus  which  renders  it  more  resistant  to  the 
lytic  agencies  of  the  host. 
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From  a  search  of  the  literature  on  this  subject  one  is  forced 
to  conclude  that  gonococcal  infection  in  animals,  in  the  sense 
that  the  organisms  increase  within  the  animals  and  invade 
their  tissues,  does  not  occur.  The  slight  early  increase  in  the 
number  of  organisms  is  explained  apparently  by  the  development 
on  the  artificial  culture  medium  injected  with  the  organisms, 
together  with  the  lowered  body  temperature  immediately  fol- 
lowing such  an  inoculation.  The  many  positive  reports  are 
due  to  lesions  produced  by  the  injection  of  gonococcal  toxin  and 
not  the  result  of  gonococcal  infection.  The  variabiUty  of  re- 
ported results  undoubtedly  is  due  to  the  difference  in  \'irulence 
and  toxin  production  of  the  various  strains  of  gonococci  as  well 
as  to  the  varied  susceptibiUty  of  different  animals  of  the  same 
or  different  species  and  to  the  great  change  in  the  immunity  of  a 
single  animal  during  the  different  seasons  of  the  year. 

With  the  exception  of  Wertheim's  experiments  all  endeavors  to 
produce  experimental  gonococcal  infection  in  animals  were  made 
by  the  use  of  organisms  gro\sTi  on  ordinary  serum  media.  He 
grew  the  organisms  on  a  medimn  made  from  homologous  serum, 
thus  hoping  to  utilize  the  adaptive  properties  of  these  micro- 
organisms; however  no  attempt  was  made  to  increase  the  con- 
centration of  this  homologous  serum  for  the  bacterial  cultures. 

Danyz  (26)  found  rat  serum  highly  bactericidal  for  anthrax 
bacilU  but  by  growing  these  organisms  successively  in  rat  serum 
broth  tubes  he  noted  that  they  grew  in  more  and  more  concen- 
trated serum.  The  organisms  thus  immunized  presented  very 
different  cultural  and  morphological  characteristics.  In  a  similar 
way  he  immunized  anthrax  bacilh  to  arsenical  preparations. 

With  the  above  observ'ations  in  mind  I  decided  to  grow  gono- 
cocci under  similar  conditions  previous  to  similar. injection  be- 
fore concluding  that  the  animals  were  absolutely  inamune  to 
such  infection.  A  laboratory  strain  of  gonococcus  was  trans- 
ferred from  human  blood  agar  to  freshly  made  rabbit  blood  agar 
and  this  culture  in  turn  was  transferred  in  forty-eight  hours  to  a 
second  rabbit  blood  agar  tube  of  the  same  blood  concentration. 
Fifteen  such  transfers  were  made  and  the  organisms  were  then 
tested  to  ascertain  their  resistance  to  fresh  rabbit  serum  in  the 
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following  manner:  A  rack  was  prepared  of  small,  clean,  sterile 
test  tubes  containing  unequal  amounts  of  phosphate  broth  to 
which  were  added  varying  amounts  of  fresh  rabbit  serum  to 
make  the  serum  concentrations  1-2,  1-4,  1-8  to  1-128.  The 
tubes  now  all  contain  the  same  volume.  To  each  tube  was 
added  the  same  measured  amount  of  gonococcus  emulsion  which 
had  been  made  from  a  twenty-four-hour  growth.  As  soon  as 
each  tube  was  inoculated  it  was  shaken  and  a  standard  platinum 
loop  full  of  the  contents  was  plated  on  blood  agar.  The  tubes 
were  incubated  at  37°C.  and  plates  were  made  at  intervals  up 
to  twenty-four  hours.  The  plate  cultures  were  then  incubated 
for  forty-eight  hours  and  the  colonies  counted.  By  this  method 
it  was  found  that  the  bactericidal  titre  of  rabbit  serum  for  gono- 
cocci  is  about  1-75,  that  is  the  organisms  are  killed  in  thirty 
minutes  in  1  part  of  rabbit  serum  to  74  parts  of  broth.  This 
titre  varies  somewhat  for  the  sera  of  different  rabbits,  1-75  rep- 
resenting the  average  of  four  sera  tested. 

Table  1  presents  the  relative  effects  of  rabbit  serum  on  a  strain 
of  gonococci  transplanted  fifteen  times  on  rabbit  blood  agar 
compared  with  the  effect  on  a  strain  of  gonococci  grown  on 
human  blood  agar.  The  comparison  is  made  by  the  number  of 
gonococcal  colonies  growing  on  blood  agar  plates  after  being  ex- 
posed to  various  concentrations  of  fresh  rabbit  serum  for  different 
lengths  of  time.  It  is  seen  that  a  serum  concentration  1-16  can 
be  withstood  by  the  rabbit  serum  strain  for  thirty-eight  min- 
utes, while  the  bactericidal  action  of  1-32  concentration  is  with- 
stood for  four  hours  and  thirty  minutes.  The  control  organism 
did  not  live  in  any  concentration  of  rabbit  serum  after  a  thirty- 
eight  minute  exposure. 

Similar  experiments  made  after  the  twenty-sixth  successive 
transplant  on  rabbit  blood  medium  show  a  still  further  increase 
in  tolerance,  since  a  two  hour  exposure  in  a  1-3  rabbit  serum 
failed  to  sterilize  and  a  nineteen-hour  exposure  in  a  1-6  concen- 
tration did  not  kill  all  the  organisms.  These  experiments  were 
repeated  on  the  thirtieth  and  also  the  thirty-fifth  transplants  on 
rabbit  medium,  but  the  tolerance  of  these  gonococci  was  the 
same  as  that  following  twenty-six  transplants. 
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It  would  seem  that  this  method  of  treating  gonococci  in- 
creases the  tolerance  for  rabbit  serum  up  to  the  twenty-sixth 
successive  transplant  but  further  transplanting  neither  increases 
nor  decreases  this  tolerance. 

Presuming  that  the  natural  immunity  of  rabbits  to  gonococcal 
infection  is  due  in  part  to  the  bactericidal  substances  in  the  blood, 

TABLE  1 

Showing  the  relative  lytic  action  of  fresh  rabbit  serum  on  two  cultures  of  the  same 
strain  of  gonococci.  Rabbit  blood  agar  gonococcus  fifteenth  successive  transplant. 
Human  blood  agar  gonococcus  sixth  successive  transplant — same  strain.  The 
numbers  in  each  column  represent  gonococcal  colonies  appearing  after  48  hours 
incubation. 


BABBIT  815KUM — CONCBNTKATION 

SALT 

Whole 
serum 

1-2 

1-4 

1-8 

1-16 

1-32 

l-«4 

1-128 

SOLUTION 

Rabbit  blood  agar,  gonococcus. 

Instantaneous  exposure 

24 

4 

10 

76 

16 

52 

28 

11 

62 

Rabbit  blood  agar,  gonococcus. 

38  minute  exposure 

0 

0 

0 

n 

?0 

?n 

0 

n 

0 

Rabbit  blood  agar,  gonococcus. 

45  hour  exposure 

0 

0 

n 

0 

0 

8 

n 

n 

0 

Rabbit  blood  agar,  gonococcus. 

22  hour  exposure 

0 

0 

n 

0 

0 

0 

0 

0 

0 

Gonococcus  from  human  blood 

agar.  Instantaneous  exposure. 

0 

0 

6 

10 

16 

60 

20 

6 

20 

Gonococcus  from  human  blood 

agar.  38  minute  exposure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Gonococcus  from  human  blood 

agar.     4^  hour  exposure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Gonococcus  from  human  blood 

agar.     22  hour  exposure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

one  may  expect  that  neutralizing  the  effect  of  such  substances 
by  increasing  the  tolerance  of  the  injected  microorganisms  for 
these  substances  might  render  animals  injected  with  these  organ- 
isms more  susceptible  to  infection  than  animals  injected  with 
ordinary  organisms. 

To  ascertain  what  effect  if  any  such  immunized  organisms 
would  have  on  rabbits,  many  animals  were  injected  during  the 
process  of  immunizing  these  gonococci  and  the  protocols  of  a 
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few    representative    ones    are    here    presented.      For    animal 
inoculation  young  rabbits  under  800  grams  in  weight  were  used. 

Rabbit  4-  Injected  intravenously,  in  2  cc.  of  medium,  the  sediment 
from  8  cc.  of  rabbit  kidney  broth  in  which  gonococci  (tenth  transplant 
on  rabbit  blood  agar)  had  grown  for  forty-eight  hours.  At  the  same 
time  a  similar  amount  was  injected  into  the  right  wrist  joint,  and 
twice  this  amount  intraperitoneally.  In  five  and  a  half  hours  a  blood 
culture  was  negative  and  the  peritoneal  cavity  positive  for  gonococci. 
The  animal  died  in  twenty-four  hours  after  the  injection  and  both  the 
heart's  blood  and  peritoneal  fluid  were  sterile  as  were  also  the  liver, 
kidneys  and  spleen.  There  was  no  evidence  of  infection  about  the 
wrist  joint  and  the  fluid  was  sterile. 

Rabbit  2.  Injected  intravenously  in  3  cc.  of  medium  the  sediment 
from  30  cc.  of  rabbit  broth  in  which  gonococci  (tenth  transplant  on 
rabbit  blood  agar)  had  grown  for  forty-eight  hours.  Twenty-four 
hours  after  injection:  animal  sick,  refuses  to  eat.  Three  days  after  in- 
jection: animal  eats  but  is  in  very  poor  condition;  lost  110  grams  in 
weight;  blood  cultures  negative.  Five  days  after  injection:  lost  200 
grams  in  weight;  blood  culture  positive  for  gonococci;  animal  died  8 
hours  after  the  blood  culture  was  made  and  no  gross  lesions  were 
found  post  mortem.  The  blood,  spleen,  liver  and  kidneys  were  sterile. 
It  is  of  considerable  importance  to  note  that  on  the  third  day  after 
the  intravenous  injection  the  blood  was  sterile  while  on  the  fifth  day  a 
similar  culture  was  positive  for  gonococci,  leading  to  the  conclusion 
that  gonococci  were  not  constantly  in  the  blood  stream  for  five  days 
but  were  intermittently  cast  into  the  blood  from  some  protected  focus. 
Post  mortem  findings  and  cultures,  however  failed  to  reveal  the  focus. 

Rabbit  6.  Injected  intravenously  in  3  cc.  of  medium  the  thirty 
hours  gonococcus  growth  from  30  cc.  of  rabbit  heart  broth.  The 
gonococci  were  the  nineteenth  transplant  on  rabbit  blood  agar.  Eight- 
een hours  after  injection:  rabbit  very  sick;  does  not  eat;  diarrhoea. 
Blood  cultures  sterile.  Forty-eight  hours  after  injection:  animal 
dead.  No  post  mortem  findings.  Blood,  liver,  spleen,  heart  and 
kidneys,  sterile. 

Rabbits  10  to  17  inclusive.  Injected  intravenously  with  doses  vary- 
ing from  3  cc.  to  5  cc.  of  medium  containing  gonococci  grown  for  sev- 
enty-two hours  on  rabbit  serum  broth  1-16.  Each  cubic  centimeter 
contained  the  growth  from  10  cc.  of  medium.  Gonococci  from  nine- 
teenth transplant  on  rabbit  blood  agar.     Blood  cultures  were  made 
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from  all  of  the  animals  twenty  hom^  after  the  injection  and  but  one 
(rabbit  15)  was  positive  and  it  became  sterile  within  forty-eight  hours. 

Rabbit  9.  Injected  intraperitoneally  the  sediment  in  8  cc.  of  medium 
the  forty-eight  hour  gonococcal  growth  from  50  cc.  of  rabbit  kidney 
broth.  Five  hours  after  injection:  blood  cultures  sterile;  peritoneal 
culture  positive  for  gonococci;  peritoneal  cavity  distended;  contains 
extracellular  and  intracellular  organisms.  Twenty  hours  after  injec- 
tion: blood  cultures  sterile;  peritoneal  culture  positive  for  gonococci. 
Seventy-two  hours  after  injection:  blood  cultures  sterile;  peritoneal 
cavity  contains  clear,  serous  fluid  which  is  sterile.  Animal  made  a 
complete  recovery. 

Rabbit  18.  Injected  intravenously  2  cc.  of  sediment  containing  the 
forty-eight  hour  growth  of  gonococci  in  15  cc.  of  rabbit  kidney  broth. 
The  gonococcus  was  the  thirty-third  transplant  on  rabbit  blood  agar. 
Two  and  a  half  hours  after  injection:  blood  cultures  negative.  Eight 
days  later:  injected  intravenously  1  cc.  medium  containing  the  forty- 
eight  hour  growth  of  gonococci  from  15  cc.  of  rabbit  heart  broth 
(thirty-fifth  transplant).  Twenty-four  hours  after  second  injection: 
left  eye  closed;  purulent  secretion;  iris  smokey  with  hyperemic  appear- 
ance; whole  eye  looks  edematous  and  larger  than  other  eye.  Blood 
cultures  sterile.  Forty-eight  hours  after  second  injection:  left  eye 
still  closed;  exudate  not  so  profuse  as  the  day  before;  moderate  hyper- 
emia of  conjunctival  and  iris  blood  vessels;  cornea  and  iris  are  smoky; 
pupil  contracted  to  one-half  the  size  of  its  fellow;  blood  culture  sterile. 
Seventy-two  hours  after  second  injection:  eye  looks  better  but  still 
hyperemic  and  smoky;  pupil  contracted.  Five  days  after  second  in- 
jection: eye  looks  normal.  Eight  days  after  second  injection:  animal 
died;  cultures  from  anterior  chamber  of  eye  gave  few  colonies  of  typi- 
cal gonococci  by  culture  and  smear;  the  organisms  could  not  be  grown 
on  transplants. 

It  was  thought  essential  to  increase  further  the  tolerance  of 
gonococci  for  rabbit  serum  before  attempting  further  animal 
inoculation.  A  second  series  of  experiments  was  made  therefore 
using  different  concentrations  of  rabbit  serum  in  broth  as 
follows : 

Gonococci  were  grown  for  forty-eight  hours  in  rabbit  serum  broth 
1-80.  From  this  culture  tubes  of  greater  concentration  of  rabbit 
serimi  were  inoculated  and  incubated  for  forty-eight  hours     These 
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transplants  were  thus  continued  every  forty-eight  hours  gradually  in- 
creasing the  strength  of  the  serum.  The  order  in  which  cultures  were 
obtained  is  here  outlined: 

(1)  Gonococci  were  transplanted  from  blood  agar  to  rabbit  serum 
broth  1-80. 

(2)  In  forty-eight  hours  a  transplant  was  made  from  the  1-80  cul- 
ture to  a  1-40  concentration. 

(3)  In  forty-eight  hours  transferred  from  the  1-40  culture  to  a  1-10, 
1-20  and  1-iO  concentrations  of  fresh  rabbit  serum. 

(4)  In  forty-eight  hours  there  was  good  growth  in  all  three  tubes  and 
a  1-5  concentration  was  inoculated  from  the  1-10  culture. 

(5)  Fair  growth  in  the  1-5  tube  in  forty-eight  hours,  and  a  second 
1-5  tube  was  inoculated  from  the  1-5  culture. 

(6)  In  forty-eight  hours  there  was  a  good  growth  in  the  1-5  tube 
and  a  1-2  tube  was  inoculated  from  it. 

(7)  Only  a  slight  growth  in  forty-eight  hours  in  the  1-2  tube,  so 
transfers  were  made  from  it  to  a  second  one. 

(8)  In  forty-eight  hours  there  was  moderate  growth  only  but  by 
five  successive  transfers  an  organism  was  obtained  that  grew  readily 
on  fresh  rabbit  serum  1-2. 

(9)  Tolerance  could  not  be  increased  constantly  beyond  this  point, 
although  one  strain  of  gonococci  was  obtained  that  eventually  grew 
readily  on  whole  rabbit  serum. 

It  is  apparent  that  gonococci  readily  develop  a  fastness  for  the 
gonococcidal  substances  contained  in  rabbit  serum.  This  adap- 
tive ability  is  not  altogether  unlike  the  tolerance  acquired  by 
typhoid  bacilli  for  normal  rabbit  serum.  Feiler  (27)  has  found 
that  these  bacilli  readily  acquire  fastness  for  immune  serum 
and  normal  rabbit  serum  by  growing  the  organisms  on  an 
active  normal  rabbit  serum  medium.  This  fastness  is  lost  by 
one  transplant  on  plain  agar,  but  is  present  much  longer  when 
passed  through  bouillon. 

The  fastness  developed  by  gonococci  for  normal  rabbit  serum 
is  an  acquired  characteristic  much  more  difficult  to  remove  since 
it  took  twenty-five  successive  transplants  of  a  gonococcus  toler- 
ant to  1-2  rabbit  serum  on  human  glood  agar  before  this  fast- 
ness was  completely  removed.  There  were  no  cultural  or  mor- 
phological changes  noted  between  the  serum  fast  and  the  normal 
gonococcus. 
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Gay  and  Claypole  (28)  noted,  as  have  many  others,  that  rab- 
bits injected  intravenously  with  typhoid  bacilli  would  have 
positive  blood  cultures  for  a  long  time.  The  varying  success  of 
different  observers  undoubtedly  means  that  all  strains  of  ty- 
phoid bacilli  are  not  equally  resistant,  that  all  rabbits  are  not 
equally  susceptible,  and  that  the  organisms  are  not  constantly 
in  the  blood  stream  but  enter  it  periodically  from  a  focus  proved 
to  be  the  gall  bladder.  The  real  typhoid  carrier  state  could  be 
produced  only  occasionally  in  rabbits  by  Gay  and  Claypole 
until  they  injected  typhoid  bacilli  previously  grown  on  rabbit 
blood  agar  where  this  condition  would  regularly  follow.  A 
strain  of  typhoid  bacilli  was  produced  which  when  grown  on 
rabbit  blood  agar  constantly  caused  the  carrier  state  when  in- 
jected into  rabbits;  while  the  same  strain  injected  from  plain  agar 
produced  no  such  condition. 

The  more  serum  fast  gonococci  were  injected  into  rabbits  in  a 
manner  similar  to  that  previously  described  for  the  less  tolerant 
organisms.  The  following  protocol  will  suffice  to  explain  the 
results : 

Rabbit  33.  The  sediment  in  1  cc.  of  medium  of  a  forty-eight  hour 
growth  of  gonococci  from  15  cc.  of  rabbit  serum  broth  (1-2)  was  in- 
jected intravenously.  Forty-eight  hours  after  injection  the  blood  cul- 
ture was  sterile.     Animal  made  complete  recovery. 

The  finding  of  a  positive  blood  culture  forty-eight  hours  after 
intravenous  injection  has  been  previously  reported  but  could 
not  be  obtained  in  these  experiments  by  injecting  other  than  the 
serum  fast  organisms  and  then  only  in  three  instances  in  thirty 
animals.  The  ordinary  strain  of  gonococci  could  rarely  be 
obtained  from  the  blood  twenty  horn's  after  injection  and  usu- 
ally had  disappeared  within  five  hours.  After  intraperitoneal 
injections  of  serum  fast  organism  it  is  usual  to  find  gonococci 
in  the  peritoneal  cavity  for  twenty-four  hours.  Blood  cul- 
tures made  at  intervals  between  five  minutes  and  forty-eight 
hours  following  intraperitoneal  injections  have  always  yielded 
negative  results. 

As  previously  mentioned  one  strain  (no.  48)  of  gonococci 
grew  readily  in  fresh  whole  rabbit  serum  and  this  was  used  to 
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inject  intravenously  a  series  of  fifty  rabbits.  The  blood  was 
cultured  in  most  animals  but  in  none  was  a  positive  culture  ob- 
tained more  than  forty-eight  hours  following  the  injection  and 
in  most  instances  the  blood  was  sterile  within  twenty-four  hours. 
Animals  were  injected  with  this  organism  intraperitoneally,  in- 
traarticularly  and  subcutaneously  but  no  lesions  were  regularly 
produced;  however  many  rabbits  of  this  series  developed  a  pecu- 
liar lesion  of  one  or  both  kidneys  not  seen  in  other  animals,  nor- 
mal or  experimental.  Since  this  lesion  has  not  been  produced 
regularly  under  the  same  experimental  conditions  and  the  or- 
ganism has  not  been  recovered  from  the  lesions,  more  data  must 
be  obtained  before  it  can  be  considered  a  gonococcal  renal  in- 
fection or  even  the  result  of  such  an  infection. 

In  all  132  rabbits  were  injected  in  various  ways  with  various 
strains  of  gonococci  and  except  for  the  specific  instances  referred 
to,  there  has  been  no  evidence  of  animal  infection;  indeed  many 
deaths  resulted,  some  immediately  following  the  injection,  others 
at  intervals  up  to  five  days.  All  these  however  can  be  explained 
as  the  effect  of  the  gonococcal  toxin. 

Believing  that  the  bactericidal  activity  of  rabbit  serum  had 
been  largely  overcome  byincreasing  the  tolerance  of  the  bacteria 
used  it  seems  probable  that  there  must  be  other  factors  working 
to  render  rabbits  immune  to  gonococcus  infection.  Tolerance 
to  one  serum  in  vitro  does  not  necessarily  mean  tolerance  to  an 
homologous  serum  in  vivo,  since  Peterson  (29)  has  found  that 
dog  serum  contains  almost  no  bactericidal  properties  for  anthrax 
bacilli  yet  dogs  are  highly  resistant  to  this  infection;  rabbit's 
serum,  however,  is  very  bactericidal  for  anthrax  bacilli  yet  these 
animals  are  readily  susceptible  to  infection. 

The  high  body  temperature  of  rabbits  may  have  some  influence 
on  organisms  as  heat  sensitive  as  the  gonococcus.  This  factor 
no  doubt  plays  an  important  r61e  in  the  rapid  destruction  of 
gonococci  as  shown  by  negative  blood  cultures  five  minutes 
after  an  intravenous  injection;  on  the  other  hand  there  is  no  such 
rapid  death  of  the  organisms  when  injected  intraperitoneally. 
Organisms  thus  injected  can  regularly  be  recovered  after  five 
hours  and  usually  remain  present  twenty-four  hours.     If  the  body 
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heat  were  the  only  inhibitmg  agent,  those  organism?  found  in 
the  blood  stream  and  peritoneal  cavity  two  and  five  days  after 
an  injection  should  be  so  adapted  to  this  temperature  that  in- 
fection would  result. 

It  must  be  conceded  that  gonococcal  infection  in  rabbits  has 
not  been  produced.  The  inconstancy  of  blood  culture  findings 
may  be  explained  by  the  individual  differences  in  the  inhibi- 
tory activity  of  the  various  animals  used  but  whether  this  re- 
sistance to  infection  is  due  to  the  bactericidal  activity  of  the 
rabbit  serum,  to  the  deleterious  effect  of  the  body  heat  of  rab- 
bits or  to  both  it  is  impossible  at  present  to  say.  It  may  be 
that  either  the  mechanical  or  chemical  action  of  fixed  tissues 
acting  alone  or  in  conjunction  with  the  previously  mentioned 
factors  render  the  rabbit  non-susceptible  to  gonococcal  infection. 

CONCLUSIONS 

1 .  Rabbit  serum  has  a  marked  bactericidal  action  on  gonococcal 
cultures .  The  titre  varies  for  different  rabbits  but  averages  approx- 
imately 1-75. 

2.  Gonococci  readily  adapt  themselves  to  such  bactericidal 
substances  and  by  growing  them  on  gradually  increasing  strengths 
of  fresh  rabbit  senun  broth  gonococci  will  readily  grow  on  serum 
broth  1-2. 

3.  One  strain  of  gonococci  adapted  itself  to  whole  rabbit 
serum  in  which  it  grew  readily. 

4.  Successive  transplantation  of  gonococci  on  rabbit  blood  agar 
increases  the  tolerance  of  these  organisms  for  rabbit  sermn  up 
to  the  twenty-sixth  transfer.  Further  transplantation  neither 
increases  nor  decreases  the  tolerance  already  acquired. 

5.  This  serum  fastness  of  gonococci  seems  highly  persistent 
since  it  took  twenty-five  successive  transplants  on  human  blood 
agar  to  cause  its  complete  disappearance. 

6.  The  serum  fast  gonococci  remain  longer  in  the  blood  stream 
of  a  rabbit  than  an  ordinary  strain  of  gonococci.  Positive  blood 
cultures  were  obtained  forty-eight  hours  after  intravenous  in- 
jection on  three  occasions  and  in  one  animal  five  days  after 
injection.     Ordinary  gonococci  do  not  so  behave. 
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7.  Positive  blood  cultures  were  not  obtained  after  intraperi- 
toneal injections  of  gonococci.  The  organisms  could  usually  be 
recovered  from  the  peritoneal  cavity  up  to  twenty-four  hours  but 
rarely  later. 

8.  There  is  no  conclusive  proof  of  gonococcal  infection  having 
taken  place  in  any  of  the  132  rabbits  injected.  Typical  iritis 
developed  in  one  animal  twenty-four  hours  after  intravenous  in- 
jection. Gonococcus-like  organisms  were  recovered  but  not 
completely  identified.  This  lesion  could  not  be  reproduced  by 
exactly  similar  methods. 
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REPAIR  OF  URETHRAL   DEFECTS  BY  TUBULAR 
GRAFTS  OF  VAGINAL  MUCOSA 

F.  LEGUEU 
Hdpital  Necker,  Paris,  France 

There  are  several  methods  of  repau*  for  loss  of  substance  in 
the  urethra.  One  of  the  most  interesting  and  novel  among  these 
is  accomplished  by  grafting  the  mucous  membrane  of  the  vagina. 
This  method  was  originated  in  1910  by  Tanton  in  my  service 
a.t  Laennec  with  my  collaboration.  The  result  obtained  was 
excellent. 

Since  that  time  I  have  had  several  opportunities  to  make  use 
of  the  method  for  war  wounds.  Two  of  the  results  have  been 
followed  now  long  enough  to  show  the  ultimate  result.  In  the 
following  paper  I  shall  report  my  three  cases  (the  only  ones  I 
iave  any  knowledge  of)  and  then  study  the  technique,  the  re- 
sults and  the  indications  of  this  operation. 

Case  1  (Legueu  and  Tanton  (1)  ).  Patient  thirty-four  years  of  age, 
showed  as  a  result  of  several  attacks  of  gonorrhoea,  multiple  urethral 
strictures.  In  1909  he  had  complete  retention  of  urine,  and  there- 
after an  internal  urethrotomy  was  performed,  followed  by  electrolj'tic 
dilatation.  The  first  dilatation  caused  no  great  reaction;  the  second, 
after  an  interval  of  eight  days,  consisted,  according  to  the  patient  in 
the  introduction  of  a  rather  large  sound  which  was  painful  and  was 
followed  by  electrolysis  for  twenty  minutes  and  a  profuse  hemorrhage. 
Fever  ensued  and  an  abscess  formed  at  the  penoscrotal  angle  which 
opened  spontaneously,  leaving  a  large  fistula,  the  urethral  opening 
being  1.5  cm.  in  diameter.  The  patient  entered  Laennec  in  this  con- 
dition. Examination  showed  that  all  the  urine  was  passed  through 
the  fistula,  the  penile  urethra  being  totally  occluded  from  fistula  to 
meatus,  the  meatus  itself  being  completely  obHterated.  This  part  of 
the  urethra  was  palpable  as  a  fibrous  cord  as  thick  as  a  goose  quill. 
It  was  proposed  to  reconstruct  the  penile  urethra  by  a  tubular  graft  of 
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vaginal  mucous  membrane.     The   operation   was   planned   in   three 
steps. 

1.  Temporary  diversion  of  the  urinary  stream. 

2.  Application  of  the  graft  with  closure  of  the  penile  fistula. 

3.  Closure  of  the  temporary  fistula. 

As  a  matter  of  fact  four  operations  were  necessary  since  a  fistula 
resulted  which  required  a  special  operation  to  close  it. 

1.  The  first  step  was  a  perineal  urethrotomy  performed  on  May  20, 
1910. 

2.  Fourteen  days  later  the  perineal  drainage  being  good,  the  plastic 
operation  was  attempted. 

The  sclerotic  urethra  was  excised  from  the  fistula  to  the  base  of  the 
glans  penis  through  a  longitudinal  incision  underneath  the  penis. 
The  glans  was  tunnelled  by  a  trocar,  the  incision  being  large  enough 
to  take  a  26-F  sound.  The  outer  end  of  the  urethra,  at  the  point  of 
fistula,  was  freed  for  about  1.5  cm.  Meanwhile,  M.  Legueu  was  per- 
forming a  colpo-perineorrhaphy,  in  the  course  of  which  he  excised  a 
rectangular  segment  of  vaginal  mucosa.  This  was  dropped  for  a  few 
moments  in  warm  artificial  serum,  then  rolled  about  a  26-F  bougie  its 
edges  caught  with  fine  cat  gut  so  as  to  form  a  tube  about  8  or  9  cm. 
long.  The  bougie  carrying  the  graft  was  then  introduced  into  the  tun- 
nel in  the  glans  penis  and  placed  in  the  gutter  left  by  the  excision  of  the 
anterior  urethra,  care  being  taken  to  place  the  line  of  grafted  suture  in 
the  angle  of  the  two  corpora  cavernosa.  The  end  of  the  bougie  was. 
introduced  into  the  urethra  and  this  sutured  end  to  end  to  the  graft 
by  an  interrupted  cat  gut  suture.  The  superficial  tissues  were  united 
in  two  layers  over  the  graft  and  a  small  drain  left  in  place,  the  outer 
extremity  of  the  graft  being  sutured  to  the  meatus. 

The  bougie  was  withdrawn  on  the  morning  of  the  third  day.  The 
following  day  the  patient's  temperature  rose  and  infection  appeared 
at  the  point  of  fistula  resulting  in  a  breaking  down  of  the  graft  and  a 
fistula  the  size  of  "a  twenty-centime  piece."  This  gradually  con- 
tracted to  the  size  of  a  small  bean.  Meanwhile  at  the  meatus  a  smalt 
slough  appeared  as  a  result  of  the  pressure  of  the  bougie.  This  de- 
stroyed the  graft  for  a  depth  of  about  5  mm. 

June  14,  a  15-F  bougie  passed  readily  into  the  urethra. 

June  16,  a  19-F  bougie  readily  introduced. 

Thereafter  dilatation  was  continued  every  third  day  up  to  26-F. 

3.  On  July  7,  under  cocaine  anesthesia  the  fistula  was  closed  by  a 
urethrorraphy  by  apposition,  the  apposed  flaps  being  held  in  place  by 
Duplay's  tubes. 
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On  July  12  the  sutures  were  removed  and  the  fistula  found  com- 
pletely closed.  Dilatation  was  then  continued  by  the  passage  of  25-F 
sounds. 

On  July  21  the  perineal  fistula  was  closed  under  local  anesthesia, 
the  perineum  being  sutured  in  layers.  An  indwelhng  catheter  23-F 
was  left  in  the  urethra  for  several  days. 

On  August  2,  the  patient  left  the  hospital,  his  canal  taking  a  25-F 
bougie  readily. 

Since  this  time  the  patient  is  at  work  but  comes  to  Paris  once  a 
week  for  dilatation.  Bougies  25  and  26  and  sounds  26  and  27-F  are 
passed  readily.  The  urinary  stream  is  normal,  the  Operative  result 
excellent. 

At  first  adhesion  of  the  skin  to  the  urethral  graft  produced  a  shght 
<;hordee  but  this  has  disappeared. 

Case  2.  Urethral  wound  by  shell  fragment.  Repair  by  graft  of 
vaginal  mucosa.     Ultimate  result  excellent. 

"V,"  aged  twenty-four  years,  wounded  September  28,  1915,  entered 
our  clinic  June  12,  1916,  for  a  urethral  wound.  The  projectile  had 
perforated  the  lower  part  of  the  buttock,  fractured  the  ischio-pubic 
ramus,  destroyed  the  penile  urethra  and  wounded  the  right  testicle. 
The  patient  was  transferred  to  the  hospital  at  Arc,  where,  on  Septem- 
ber 30,  1915,  the  right  testicle  was  removed  and  suprapubic  puncture 
to  reheve  the  retention  of  urine  obtained  a  Utre.  Several  days  later 
at  another  hospital,  a  suprapubic  fistula  was  established.  A  bougie 
introduced  into  the  meatus  was  arrested  in  front  of  the  fistula  by 
complete  occlusion  of  the  canal,  while  a  bougie  introduced  into  the 
fistula  entered  the  bladder  without  difficulty. 

January  21,  under  chloroform,  excision  of  cicatrices  obhterating  the 
urethra  and  suture  of  the  two  urethral  extremities  to  the  skin  at  a  dis- 
tance of  about  2.5  cm.  from  each  other.  Several  weeks  later,  the  ure- 
thral wounds  having  healed,  restoration  of  the  canal  by  means  of  a 
vein  was  attempted  since  the  loss  of  substance  was  not  great.  On 
April  5,  1916,  under  chloroform,  8  cm.  of  the  internal  saphenous  vein 
was  excised  and  threaded  it  over  a  bougie  to  which  it  was  affixed  by 
two  ligatures.  Then,  by  means  of  a  trocar,  the  canal  was  tunneled 
under  the  skin  of  the  penis  from  the  anterior  to  the  posterior  stoma 
of  the  urethra.  Into  the  canal  thus  opened,  the  sound  with  its  venous 
transplant  was  introduced;  the  sound  was  then  withdrawn  and  the 
graft  sutured  to  the  urethral  extremities  by  fine  interrupted  sutures, 
these  urethral  extremities  having  previously  been  separated  from  the 
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skin.  Unfortunately  the  venous  transplant  did  not  take  and  was 
found  several  days  later  in  the  dressings.  The  transplantation  of 
mucous  membrane  was  then  decided  upon.  On  June  5,  1916,  during 
the  course  of  a  perineorrhaphy,  a.  rectangular  bit  of  vaginal  mucous 
membrane  6  cm.  long  and  3  cm.  wide  was  removed.  While  I  was  con- 
cluding the  perineal  operation,  my  assistant,  M.  Morel,  thinned  down 
the  transplant  to  the  thickness  of  a  franc  piece  and  rolled  it  about  a 
no.  18  bougie,  suturing  it  with  interrupted  sutures  of  very  fine  silk 
with  fine  needles.  The  two  extremities  of  the  cylinder  of  mucous 
membrane  were  tied  to  a  catheter  by  two  cat  gut  ligatures  with  ends 
left  long.  During  all  these  steps  the  graft  was  irrigated  with  warm 
serum  and  then  dropped  into  a  basin  of  the  same. 

Meanwhile  the  patient  was  put  under  an  anesthetic,  the  penile 
urethra  freed  for  about  1  cm.  from  each  of  its  separate  extremities,  be- 
tween which  the  superficial  tissues  were  again  tunneled  from  one 
orifice  to  the  other  by  means  of  a  trocar  and  canula.  The  trocar  was 
then  removed  and  an  attempt  made  to  introduce  the  catheter  and 
graft  into  the  canula,  but  the  graft  would  not  enter.  It  was  therefore 
slipped  off  the  bougie  and  gently  introduced  into  the  canula.  This 
was  then  withdrawn  and  the  graft  sutured  to  each  end  of  the  divided 
urethra  by  five  sutures  of  very  fine  silk  and  the  skin  united  over  the 
graft.     No  retained  bougie  or  catheter  was  left  in  the  urethra. 

The  graft  took  well  and  bougies  were  passed  after  a  few  days  On 
September  22,  1916,  under  chloroform,  M.  Morel  closed  the  two  fistulae 
and  thereafter  the  urethra  held  completely  and  dilatation  was  continued 
regularly. 

On  October  30,  1916,  the  patient  passed  a  no.  18  bougie  readily. 
The  fistula  remained  closed.  The  result  was  excellent.  Since  that 
time  the  patient  has  remained  as  an  orderly  in  my  service  and  I  see 
him  from  time  to  time.  His  urethra  is  soft  and  takes  a  no.  19  bougie 
readily.  I  demonstrated  him  to  a  delegation  of  American  surgeons  on 
April  22,  1918. 

Case  3.  Extensive  wound  of  the  scrotal  urethra.  Closed  by  trans- 
plantation of  vaginal  mucous  membrane.    Good  result. 

Private  "B,"  twenty-four  years  of  age,  wounded  March  5,  1916,  by 
a  bullet  which  perforated  the  internal  surface  of  the  left  buttock,  passed 
through  the  scrotum,  injured  the  left  testicle  and  issued  through  the 
right  buttock.  The  patient  had  retention  of  urine  for  forty-eight 
hours  which  was  relieved  by  suprapubic  cystostomy  on  March  7.  He 
entered  the  clinic  April  1,  1916,  with  the  cystostomy  wound  and  an  in- 
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cision  in  the  left  side  of  the  scrotum  through  which  the  testicle  had 
been  removed.  There  was  a  suppurating  wound  of  the  right  buttock. 
Liquid  injected  into  this  wound  issued  through  the  wound  in  the 
scrotum.  There  was  therefore  a  urethral  wound  communicating  with 
the  scrotum  and  the  bladder. 

On  April  20  the  bladder  fistula  had  healed  but  no  instrument  could 
be  introduced  into  the  bladder  through  the  urethra. 

May  29,  1916,  the  wound  had  completely  cicatrized  but  the  urethra 
was  obHterated  by  a  cicatricial  stricture.  The  patient  was  ordered  to 
leave  our  hospital  but  returned  in  the  month  of  June  of  the  same  year 
requiring  an  operation  to  open  his  urethra. 

On  June  23,  1916,  operation  under  chloroform  by  M.  Legueu.  Me- 
dian perineal  scrotal  incision  down  to  the  urethra  which  was  opened  in 
front  of  the  stricture  and  sutured  to  the  skin  at  the  peno-scrotal  angle. 
Behind  this  point  the  urethra  was  obHterated  for  a  distance  of  5  cm. 
This  portion  of  the  urethra  was  excised  and  the  posterior  orifice  sutured 
to  the  skin  of  the  perineum,  the  wound  between  the  two  orifices  being 
partly  closed  and  packed. 

On  the  tenth  day  the  sutures  and  packing  were  removed  and  dila- 
tation begun  two  days  later.  At  the  end  of  a  month  a  25-F  sound 
passed  readily  and  the  two  urethrostomies  had  healed. 

On  September  18  a  piece  of  vaginal  mucous  membrane  5  cm.  long 
was  excised  and  dropped  into  warm  artificial  serum.  My  assistant, 
M.  Morel,  fashioned  it  into  a  cylinder  about  a  19-F  bougie. 

The  space  between  the  two  urethrostomies  was  then  tunneled  with  a 
curved  trocar  and  canula.  The  trocar  was  removed  and  an  attempt 
to  introduce  bougie  and  graft  into  the  canula  failed.  This  was  re- 
moved therefore  and  the  graft  placed  in  position  and  fixed  by  inter- 
rupted sutures  to  the  two  cut  ends  of  the  urethra,  the  whole  being 
buried  by  closure  of  the  skin  orifices  of  the  urethrostomies. 

On  October  1  a  bougie  12-F  was  passed  and  thereafter  dilatation 
continued  every  two  or  three  days. 

In  December  the  cystostomy  tube  was  removed.  A  19-F  bougie 
passed  readily  with  a  slight  hitch  in  the  anterior  part  of  the  urethra. 
There  were  two  small  fistulous  openings  at  the  points  of  urethrostomy. 

In  January  dilatation  became  difficult  and  an  18-F  sound  passed  with 
difficulty.     The  19-F  bougie  passed  more  readily. 

On  March  21  a  plastic  operation  was  performed  for  the  closure  of 
the  two  fistulae.  Indwelling  catheter.  Thirteen  days  later  the  fistulae 
persist.     Dilatation  was  continued.     On  May  7,  1917,  a  second  at- 
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tempt  was  made  to  close  the  two  fistulae;  indwelling  catheter  17-F. 
This  operation  was  successful  although  a  pinpoint  fistula  persisted.  In 
September  an  internal  urethrotomy  was  performed  under  chloroform 
anesthesia  and  the  stricture  at  the  juncture  of  the  graft  and  the 
urethra  divided.  On  November  15,  1917,  a  no.  19  bougie  could  be 
introduced.  The  result  is  good,  the  cahber  of  the  urethra  satisfactory. 
It  is  possible,  if  the  man  had  been  less  rebellious  and  alcoholic,  better 
results  might  have  been  obtained. 

TECHNIQUE 

Before  describing  our  present  technique  we  must  state  cer- 
tain general  preliminary  conditions  essential  to  the  success  of 
the  operation.     They  are  the  following : 

1.  The  resection  must  be  preceded  by  a  temporary  urethros- 
tomy which  involves  the  suture  to  the  skin  of  both  ends  of  the 
wounded  urethra;  upon  the  result  of  this  operation  depends  the 
functional  success  of  the  ultimate  result.  Thus  one  of  our  pa- 
tients had  a  stricture  at  the  union  of  the  posterior  portion  of  the 
graft  and  the  urethra. 

After  making  this  urethrostomy,  several  months  must  elapse 
before  applying  the  graft  in  order  to  work  on  uninfected  tissues. 
The  orifices  must  also  be  dilated  in  order  to  prevent  such  a  stric- 
ture as  occurred  in  the  above  case. 

2.  The  second  preliminary  requirement  is  a  suprapubic  cys- 
tostomy.  It  is  preferable  to  establish  this  before  the  urethros- 
tomy. Perineal  diversion  of  the  urine  is  not  satisfactory  since 
it  leaves  a  more  or  less  infected  wound  near  the  point  of  grafting. 

3.  Finally,  in  order  that  the  graft  shall  take,  the  tissue  should 
be  prepared  by  tunneling.  This  is  a  general  principle  appli- 
cable to  all  grafts  of  foreign  tissue  in  the  urethra  which  should 
always  be  made  beneath  the  skin.  When  transplanting  veins 
we  have  had  several  failures  because  of  placing  them  beneath  the 
skin  incisions.  The  tunneled  canal  cannot  break  down.  Thus 
one  of  the  causes  of  failure  is  removed. 

These  fundamental  conditions  being  realized,  the  operation  is 
performed  in  the  following  steps: 
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a.  Excision  of  the  graft.  A  woman  requiring  colpoperineor- 
rhaphy,  preferably  otherwise  healthy  and  not  syphilitic,  is 
anesthetized  and  from  the  posterior  wall  of  the  vagina  a  flap  of 
vaginal  mucosa  is  resected  the  length  of  which  should  equal  the 
length  of  the  portion  of  the  urethra  to  be  replaced  and  its  width 
sufficient  to  surround  completely  a  17-  or  18-F  bougie.  While 
this  portion  is  being  completed  an  assistant  prepares  the  graft 
which  is  kept  moistened  with  artificial  serum.  The  raw  surface 
of  the  graft  is  first  denuded  of  all  cellular  and  fatty  tissue.  It  is 
necessary  to  make  it  as  thin  as  possible  for  the  epithelial  sur- 
face is  all  that  is  of  value.  The  rest  is  only  accessory  and  the 
graft  will  always  be  placed  in  a  canal  which  is  rather  tight  for  it. 
Next  the  assistant  sutures  the  vaginal  mucosa  about  a  17-  or  18-F 
oUvary  bougie  with  several  extremely  fine  silk  sutures.  The 
two  ends  of  the  graft  are  Ugatured  about  the  bougie  with  cat 
gut  sutures  whose  ends  are  left  long  to  assist  in  threading  the 
graft  into  the  perineal  tiumel. 

6.  Tunnelization.  The  patient  is  anesthetized  and  placed  in 
the  lithotomy  position.  The  two  ends  of  the  urethra  are  freed 
from  the  skin.  A  special  trocar  provided  with  several  canulae 
of  various  lengths  and  caUbers  is  then  plunged  into  one  of  the 
urethrostomy  wounds  and  brought  out  through  the  other.  The 
trocar  is  then  withdrawn  leaving  the  canula  in  place. 

c.  Application  of  the  graft.  This  step  is  always  a  dehcate 
one.  The  graft  is  always  too  big  for  the  trocar  for  the  latter 
cannot  be  large  enough  without  endangering  the  vitaUty  of  the 
skin.  It  may  be  necessary  to  remove  the  graft  from  the  bougie 
and  to  introduce  it  without  any  guide  into  the  canula.  This  is 
done  by  passing  a  small  platinmn  hook  through  the  canula  to 
catch  one  of  the  cat  gut  sutures  and  draw  it  through  with  the 
graft  following.  The  canula  is  then  withdrawn  and  the  graft  is 
in  place. 

d.  Suture.  The  two  ends  of  the  urethra  are  very  accurately 
sutured  to  the  ends  of  the  graft  by  a  series  of  very  fine  silk 
interrupted  sutures.  This  must  be  placed  accurately  but  with 
as  httle  manipulation  as  possible  in  order  not  to  diminish  the 
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vitality  of  the  graft  and  thus  favor  sloughing  by  traumatism  and 
pressure. 

e.  Closureofthefistulae.  The  two  cutaneous  fistulae  are  closed 
by  dissection  of  the  underlying  tissues  and  suture  of  the  skin 
over  the  urethra  with  silk  worm  gut. 

After  treatment.  The  perineal  dressing  is  left  in  place  for 
eight  days.  There  will  then  often  be  found  a  slight  breaking 
down  of  the  tissues  at  the  points  of  union  of  the  graft  and  the 
urethra  but  in  none  of  our  cases  has  the  graft  been  eliminated. 
Eight  days  later  a  small  bougie  is  very  gently  introduced  and 
thereafter  the  urethra  is  dilated  progressively  until  bougies  can 
be  readily  passed.  Thereafter  the  caliber  of  the  canal  is  main- 
tained by  bougies  or  sounds.  There  are  several  subsequent  op- 
erations required  but  these  are  slight  secondary  ones  of  little 
importance  and  which  merely  prolong  the  duration  of  treatment. 

RESULTS 

The  duration  of  treatment  is  always  long  because  there  is 
often  a  wound  of  the  urethra  which  takes  several  months  to 
heal,  then  urethrostomy  and  finally  the  terminal  secondary  op- 
erations to  close  the  fistulae.  Our  patients  have  remained  for 
more  than  two  years  in  the  hospital.  Nevertheless  the  perfec- 
tion of  the  results  is  in  proportion  to  the  patience  of  preparation 
and  the  care  with  which  urethrostomy  is  performed.  If  this 
operation  is  satisfactory  the  grafting  will  probably  achieve  its 
result.  In  order  to  make  a  urethrostomy  satisfactory  several 
operations  may  be  required. 

Our  results  were  twice  excellent  and  once  good.  Our  case  3 
was  extremely  rebellious  and  alcoholic  and  interfered  with  his 
treatment ;  the  second  case  on  the  contrary  achieved  an  excellent 
result  and  the  patient,  who  r.emained  as  an  orderly  in  the  hos- 
pital, is  in  most  satisfactory  condition.  The  first  case  is  also  a 
perfect  result. 

It  must  be  recognized  that  the  graft  of  vaginal  mucosa  serves 
merely  as  a  canal.  The  graft  itself  does  not  form  the  new  canal. 
We  have  unfortunately  not  been  able  to  conclude  certain  experi- 
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mental  researches  begun  with  our  assistant,  M.  Morel,  at  the 
beginning  of  the  war,  but  we  have  satisfied  ourselves  that  these 
grafts  only  serve  as  a  scaffolding  upon  which  the  epitheUum  of  the 
old  canal  is  able  to  grow.  The  graft  is  eliminated  httle  by  little 
as  the  new  urethra  substitutes  itself  in  its  place.  The  same  rule 
holds  for  venous  transplants  and  is  indeed  a  general  law  in  ref- 
erence to  all  transplants  which  are  actually  foreign  bodies.  The 
only  question,  therefore,  is  what  is  the  best  kind  of  graft  for  re- 
pair of  extensive  loss  of  substance  in  the  urethra.  We  beUeve 
that  vaginal  mucosa  is  among  the  best  and  gives  excellent 
results. 

INDICATIONS 

It  would  be  premature  to  attempt  to  lay  down  precise  indi- 
cations for  this  operation  at  the  present  moment  but  we  can 
formulate  certain  provisional  rules. 

If  the  loss  of  substance  is  shght  no  graft  is  required.  Un- 
fortunately the  woimds  of  war  usually  involve  so  great  a  loss 
of  substance  that  end  to  end  sutm-e  of  the  urethra  is  impracti- 
cable. But  when  the  loss  of  tissue  is  not  so  great  the  simplest 
operation  consists  in  a  skin  autoplastic.  On  the  other,  hand  if 
the  loss  of  substance  is  very  great  the  skin  is  not  available  since 
it  may  result  in  urethrocele,  of  which  we  have  seen  several 
examples.  For  such  cases  when  th^  loss  of  substance  is  3  or  4 
cm.  in  length  a  graft  of  vaginal  mucosa  or  vein  should  be  em- 
ployed but  the  vaginal  graft  being  more  successful,  should  be 
preferred.  But  it  is  to  be  noted  that  our  cases  are  few  and 
our  technique  is  Ukely  to  be  modified  by  subsequent  experiences 
in  war  surgery.  Be  this  as  it  may  the  grafting  of  vaginal  mucosa 
appears  to  be  an  excellent  method  and  warrants  great  hopes  for 
its  future  usefulness. 
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AN  UNIQUE  TYPE  OF  URETHRAL  OBSTRUCTION 

ARTHUR  B.  CECIL 
From  the  Hospital  of  the  Good  Samaritan,  Los  Angeles 

The  literature  of  dilatations  of  the  urethra  resulting  from 
various  types  of  obstructions  and  of  urethral  diverticula  has 
been  reviewed  very  carefully  by  Watts  and  more  recently  by 
Englander. 

The  following  case  is  reported  on  account  of  the  unique  type 
of  obstruction  which  resulted  from  traumatism  and  to  consider 
the  surgical  procedure  which  brought  about  a  relief  of  the 
obstruction  and  a  successful  restoration  of  the  urethra. 

Patient,  age  thirty-eight,  married,  was  admitted  to  the  Hospital  of 
the  Good  Samaritan  on  October  7,  1916.  The  history  in  brief  was  as 
follows : 

On  September,  1916,  while  at  work  he  fell  12  feet  striking  the  peri- 
neimi  on  the  corner  of  a  box.  He  did  not  seem  to  be  greatly  injm-ed  at 
that  particular  time  but  for  about  three  hours  had  a  desire  to  urinate 
without  being  able  to  do  so.  After  an  extreme  effort  bright  red  blood 
was  passed.  A  hard  mass  then  appeared  in  the  perineum  and  in  the 
scrotum.  He  consulted  a  physician  who  sent  him  to  a  hospital  and 
blood  and  urine  were  passed  from  the  m-ethra  for  two  days.  Hot 
compresses  were  applied  to  the  mass  in  the  perineum  and  he  seemed  to 
improve.  He  stayed  in  the  hospital  nine  days  and  then  returned  to 
work  but  still  had  considerable  difficulty  in  passing  urine.  One  week 
after  leaving  the  hospital,  the  scrotum  was  so  swollen  and  urination 
so  difl&cult  that  an  opening  was  made  into  the  right  side  of  the  scrotum 
and  when  the  patient  was  first  seen  by  me,  urine  was  passed  only 
through  this  opening. 

Examination  showed  a  well  nourished  man  who  did  not  in  any  way 
appear  ill.  The  entire  scrotum  was  tense  and  filled  out,  the  right  side 
being  somewhat  larger  than  the  left.  This  swelling  extended  down  to 
the  mid-portion  of  the  perineum.  There  was  a  small  opening  on  the 
under  surface  of  the  scrotimi  a  little  to  the  right  of  the  midline  from 
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which  urine  escaped.  Rectal  examination  was  negative.  Suprapubic 
percussion  showed  only  sHght  distension  of  the  bladder.  A  coud^ 
catheter  readily  entered  the  bladder,  withdrawing  300  cc.  of  bluish 
urine.  When  slight  pressure  was  made  over  the  scrotum  thick  grayish 
purulent  material  escaped  around  the  catheter. 


FiQ.  1.  Showing  View  of  Perineal  Sac  and  the  Torn  Urethra  Projecting 

Into  It 

The  perineum  was  opened  through  a  midline  incision  and  about  30 
cc.  of  purulent  and  broken  down  tissue  material  was  evacuated.  Pa- 
tient made  a  very  good  recovery  and  the  perineal  wound  closed  on  the 
fourteenth  day.  This  patient  was  advised  to  return  for  dilatation  of 
the  urethra  but  reported  for  only  two  treatments  and  then  was  not 
seen  until  May  14,  1918,  two  years  later,  at  which  time  he  was  able  to 
urinate  only  a  few  drops  at  a  time  and  this  principally  by  bringing 
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pressure  to  bear  in  the  perineum  with  the  hand.    The  patient  looked 
distinctly  ill. 

Examination  showed  a  large,  tense,  fluctuating  mass  in  the  perineum 
about  the  size  of  a  large  egg.    This  mass  also  seemed  to  extend  for- 


Fig.  2.  Lateral  View  of  Perineal  Sac 

ward  into  the  region  of  the  scrotum.  A  catheter  could  be  passed  very 
easily  into  what  was  definitely  a  sac  and  80  cc.  of  very  purulent  urine 
could  be  withdrawn  after  which  the  swelling  in  the  perineum  would 
disappear.  With  a  silver  catheter  it  was  possible  to  pick  up  the  proxi- 
mal end  of  the  urethra  and  enter  the  bladder  withdrawing  400  cc.  of 
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purulent  urine.  Upon  attempting  to  urinate  the  sac  would  first  fill 
at  which  time  he  would  suffer  severe  pain.  By  pressure  in  the  peri- 
neum a  drop  or  two  of  urine  could  be  forced  out  of  the  urethra. 

The  urethral  obstruction  did  not  seem  to  be  a  stricture  because 
large  sized  instruments  could  readily  be  passed  into  the  sac.  It  was 
thought  advisable  for  his  general  condition  to  carry  out  catheter  drain- 
age of  the  bladder  and  for  this  purpose  a  coud6  catheter  was  introduced 
into  the  bladder  by  means  of  a  stilet  and  fastened  in  by  adhesive  tape 


Fig.  3. 


Projecting  Portion  of  the  Urethra  Pulled  Down  and  Cut  Off 
Along  Dotted  Line 


A  portion  of  the  roof  of  the  sac  was  then  outlined  as  shown  by  dotted  lines 
and  used  for  the  reconstruction  of  the  perineal  portion  of  the  urethra. 


as  for  preliminary  treatment  for  prostatectomy.  The  patient's  gen- 
eral condition  improved  very  rapidly  under  this  treatment  and  one  or 
two  attempts  were  made  to  determine  whether  he  would  be  able  to 
void  if  the  catheter  were  removed.  In  no  instance  was  he  able  to 
do  so.  The  perineal  sac  always  became  greatly  distended  and  com- 
plete retention  of  urine  occurred. 

Operation,  June  18,  1918.    The  patient  was  placed  upon  the  table 
in  exaggerated  Hthotomy  position.     A  sound  was  passed  through  the 
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urethra  and  a  midline  incision  was  made  in  the  perineum.  Upon 
opening  the  perineum  down  to  the  iu*ethra  a  most  striking  condition 
was  encountered.  A  sac  measuring  6.5  cm.  in  length  and  4.5  cm.  in 
breadth  was  found  to  occupy  almost  the  entire  perineum.  The  sac 
was  lined  with  glistening  mucous  membrane  throughout  and  extended 
up  around  the  urethra  into  the  region  of  the  scrotum  on  either  side. 
Portions  of  the  bulb  were  found  on  either  side  of  the  sac  as  shown  in 
figure  1.     The  striking  feature  was  the  condition  of  the  distal  end  of 


Fig.  4.  Recoxstruction  of  the  Urethra  About  a  Catheter 
The  rest  of  the  mucous  membrane  lining  the  sac  has  been  denuded. 


the  urethra  which  evidently  had  been  torn  directly  across  and  which 
now  projected  into  the  sac  for  a  distance  of  1.5  cm.  This  end  of  the 
urethra  was  not  indurated  and  contracted  by  scar  but  was  soft  and 
dimpled  and  readily  admitted  large  instruments  by  way  of  the  urethra 
but  it  could  be  well  seen  that  the  relation  of  this  projecting  urethra 
to  the  sac  was  the  same  as  the  relation  of  an  enlarged  prostate  to  the 
bladder.  An  instrument  could  be  easily  passed  through  the  prostatic 
urethra  into  the  bladder.  In  considering  the  type  of  operation  it 
first  occurred  that  the  incision  could  be  made  aroimd  the  base  of  the 
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projecting  urethra  and  this  portion  of  the  mucous  membrane  pulled 
off,  thus  inverting  the  outer  covering  and  a  urethra  of  sufficient  length 
made  to  allow  the  mucous  membrane  to  be  sutured  to  the  opening  near 
the  membranous  urethra.  The  danger  of  the  graft  breaking  down 
however  after  the  entire  lining  of  the  sac  had  been  denuded  and  the 
danger  of  recurrent  obstruction  thereby  resulting  ruled  out  an  attempt 
to  restore  the  urethra  in  this  way. 

What  was  done  was  to  pull  down  as  far  as  possible  the  distal  portion 
of  the  urethra  and  to  cut  this  off  as  shown  in  dotted  line  of  figure  3. 
Then  to  turn  up  a  flap  from  the  lining  of  the  sac  as  shown  in  figure  4, 
and  to  denude  the  rest  of  the  mucous  membrane  fining  the  sac.  The 
tissues  of  the  perineimi  were  then  brought  together  snugly  about  the 
newly  formed  urethra.  The  drainage  tube  was  removed  on  the  tenth 
day  and  the  patient  has  voided  urine  since  through  the  urethra  in  a 
large  sized  stream. 

This  case  presented  practically  a  secondary  bladder  in  the  peri- 
neum with  almost  complete  retention  developing  within  this 
sac.  The  cause  of  the  obstruction  is  rather  unique  in  that  most 
dilatations  of  the  urethra  and  diverticula  have  formed  back  of  a 
contracture  or  stricture  of  the  urethra  and  in  one  of  my  cases  in 
which  a  large  diverticulum  had  formed  in  the  perineum  the  sac 
was  to  all  practical  purposes  obliterated  by  dilatation  of  the 
urethra.  In  this  case  it  is  evident  that  dilatation  could  not  have 
been  of  value. 
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OBSTRUCTION 
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Hartford,  Connecticut 

The  diagnosis  of  tuberculosis  of  the  mesenteric  lymph  glands 
is  extremely  difficult  and  in  reviewing  ninety-five  cases  of  this 
condition  found  in  the  literature,  very  few  were  correctly  diag- 
nosed before  the  exploratory  operation.  Acute  or  chronic  ap- 
pendicitis was  the  most  common  diagnosis  although  many  of 
the  cases  were  operated  upon  for  intestinal  obstruction  The 
diagnosis  in  one  instance  was  multiple  uterine  fibromata  while  in 
two  others  the  operation  was  performed  for  "abdominal  tumor." 
In  one  case  the  patient  was  in  collapse  from  abdominal  pain, 
the  exploratory  operation  revealing  a  large  tuberculous  gland 
with  mesenteric  thrombosis.  In  none  of  these  ninety-five  cases 
is  there  any  mention  of  tabes  mesenterica  as  an  etiological  factor 
in  the  production  of  symptoms  referable  to  the  urinary  tract. 
It  is  thought  interesting  therefore  to  report  the  following  cases 
which  were  referred  to  the  writer  for  right  renal  coUc. 

Case  1.    Female,  aged  twenty-eight;  domestic 

History.  One  year  ago  had  pain  in  the  epigastrium  and  right  lower 
quadrant  for  which  an  appendectomy  was  done,  the  appendix  showing 
a  chronic  inflanmiatory  process.  Her  paia  continued  however  with  the 
addition  of  indefinite  right  lumbar  attacks  and  bladder  irritability. 

Examination.  The  patient  was  poorly  nourished  and  very  ner- 
vous. Upon  abdominal  examination  there  was  marked  tenderness  in 
the  right  side.  There  was  no  distension,  no  moveable  dullness  and  no 
palpable  mass.  The  right  kidney  could  be  felt  above  the  area  of 
chief  tenderness  and  was  apparently  normal  in  size.  There  was  no 
fever,  no  leucocytosis  and  the  bladder  urine  was  normal. 

Cystoscopy.  The  bladder  was  normal  in  every  respect.  Both 
ureters  were  readily  catheterized,  the  catheters  meeting  no  obstruc- 
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tion.  Six  milligrams  of  phenolsulphonphthalein  injected  intraven- 
ously appeared  on  each  side  in  four  minutes,  the  output  for  fifteen 
minutes  being  15  per  cent  from  each  kidney. 

Roentgenogram.  The  exposure  was  made  with  the  catheters  in 
place.  As  shown  in  figure  1  a  large  oval  shadow  is  seen  adjacent  to 
the  right  ureter  and  on  a  level  with  the  iliac  crest. 

Diagnosis.  Large  calcified  tuberculous  mesenteric  lymph  gland 
which  at  times  by  external  pressure  on  the  right  ureter  causes  tempo- 
rary obstruction  and  pain  referable  to  the  urinary  tract. 

Operation.  Through  a  right  rectus  incision  the  calcarous  gland  was 
found  in  the  mesentery  of  the  ascending  colon  and  removed.  Other 
smaller  glands  were  felt  but  as  they  were  apparently  causing  no  trouble 
they  were  not  interfered  with.    Wound  closed  without  drainage. 

Case  2.  Female,  aged  sixteen;  school  girl 

History.  For  two  days  prior  to  admission  the  patient  had  suffered 
from  attacks  of  acute  pain  in  the  region  of  the  right  kidney,  the 
attacks  being  accompanied  by  urinary  frequency. 

Examination.  A  poorly  nourished,  pallid  girl.  Lungs  and  heart 
negative.  The  abdomen  shows  no  distension,  moveable  dullness  or 
masses.  The  right  kidney  is  readily  palpated  and  feels  normal.  There 
is  distinct  tenderness  over  the  right  lower  abdominal  quadrant.  Tem- 
perature, leucocytes  and  urine  normal. 

Cystoscopy.  Reveals  no  abnormalities.  Upon  ureteral  catheteri- 
zation the  catheters  pass  readily  into  the  pelvis  of  either  kidney. 
Phenolsulphonphthalein  appears  in  each  urine  in  five  minutes,  the 
output  for  fifteen  minutes  being  15  per  cent  from  each  kidney. 

Roentgenogram.  This  was  taken  with  the  catheters  in  position  and 
reveals  two  shadows  above  and  to  the  right  of  the  right  catheter  as 
shown  in  figure  2. 

Diagnosis.  Calcified  tuberculous  mesenteric  lymph  glands  causing 
occasional  obstruction  to  the  free  drainage  of  the  right  ureter. 

Operation.  Through  a  right  rectus  incision  the  calcarous  lymph 
nodes  were  found  in  the  mesentery  of  the  ascending  colon  and  removed. 

Case  3.  Female,  aged  nineteen;  stenographer 

History.  Always  dehcate  although  never  seriously  ill.  Four  days 
before  admission  she  was  taken  suddenly  ill  with  acute  pain  in  the 
region  of  the  right  kidney  which  radiated  downward.     There   was 
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urinary  frequency  and  tenesmus.  The  pain  was  suddenly  relieved  and 
the  patient  passed  about  a  "pint  of  urine."  She  was  sent  into  the  hos- 
pital with  the  diagnosis  of  right  ureteral  obstruction  causing  intermit- 
tent distension  of  the  renal  pelvis. 


Fig.   4.    The   Calcified  Lymph  Glands  Shown  in  Fig.  3,   After  Operation, 

Showing  Diagrammatically  Their  Relation  to  the 

Ureter  as  Found  at  Operation 


Examination.  Showed  a  fairly  well  nourished,  pale  girl.  Heart 
and  lungs  negative.  Upon  abdominal  examination  there  were  no 
masses  or  moveable  dullness  but  over  the  right  kidney  area  there  was 
distinct  tenderness,  yet  the  kidney  could  be  palpated  and  seemed 
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normal  in  size  There  was  no  abnormal  enlargement  of  the  cervical, 
axillary  or  inguinal  glands.  There  was  no  fever,  no  leucocytosis  and 
the  urine  was  free  of  pathological  elements. 

Cystoscopy.  Revealed  a  normal  bladder.  Upon  ureteral  catheteri- 
zation the  separated  renal  function  as  determined  by  the  phenol- 
sulphonphthalein  test  showed  an  appearance  time  of  four  minutes  and 
an  output  of  10  per  cent  from  each  side  in  ten  minutes. 

Roentgenogram.  This  was  taken  with  the  right  ureteral  catheter  in 
place  and,  as  shown  in  figure  3,  shows  two  shadows,  one  tangent  to  the 
catheter. 

Diagnosis.  Calcified  tuberculous  mesenteric  lymph  nodes  pressing 
upon  and  obstructing  the  right  ureter. 

Operation.  Through  a  right  rectus  incision  the  glands  were  re- 
moved from  the  base  of  the  mesentery  of  the  ascending  colon.  Their 
relation  to  the  ureter  was  reproduced  with  an  ureteral  catheter  after 
removal  as  shown  in  figure  4.  There  were  other  small  glands  felt  in 
the  mesentery  but  none  seemed  to  be  so  located  as  to  cause  any  me- 
chanical difficulty  so  they  were  not  removed. 

GENERAL   DISCUSSION 

The  diagnosis  of  the  three  cases  just  cited  was  greatly  facili- 
tated by  the  presence  of  the  mineral  deposit  in  the  lymph  nodes 
sufficient  to  cast  a  shadow  to  the  X-ray  and  it  is  questionable 
whether  in  the  absence  of  calcification  a  correct  diagnosis  would 
have  been  possible.  In  looking  over  the  records  of  cases  referred 
to  the  writer  for  mild  symptoms  of  right  ureteral  obstruction 
and  reported  normal  urologically,  it  is  probable  that  some  of 
them  may  have  had  intermittently  obstructing  lymph  nodes 
which  w^ere  not  demonstrated. 

Tuberculosis  of  the  mesenteric  and  retroperitoneal  lymph 
nodes  is  doubtless  quite  as  common  as  tuberculosis  of  the  cervi- 
cal and  peribronchial  glands  and  like  all  tuberculosis  is  most 
common  in  youth.  When  the  movable  dullness  and  abdominal 
distension  of  tuberculous  peritonitis  are  present,  the  condition 
is  easily  recognized  but  the  less  extensive  involvements  are 
usually  Overlooked.  Of  the  97  reported  cases  reviewed  by  the 
writer,  in  none  of  them  is  there  any  mention  of  symptoms  refer- 
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able  to  the  urinary  tract.     It  is  thought  interesting  therefore  to 
present  briefly  the  cUnical  picture  of  this  pathological  condition. 

SYMPTOMS 

In  order  of  frequency  the  symptoms  of  the  reported  cases 
are  as  follows:  general  debiUty,  general  abdominal  pain,  pain  in 
the  lower  right  abdominal  quadrant,  indigestion,  vomiting, 
abdominal  distension,  abdominal  night  pain  in  children,  consti- 
'pation  and  obstipation.  To  these  symptoms  should  be  added 
bladder  irritability  and  right  renal  and  ureteral  pain. 

EXAMINATION 

Like  aU  cases  of  chronic  tuberculosis,  these  patients  are  usu- 
ally below  normal  weight,  color  and  strength.  The  abdomen  in 
children  is  usually  distended.  Tenderness  is  general  and  of 
moderate  degree  but  is  usually  most  marked  over  the  lower  right 
quadrant.  The  movable  dullness  due  to  free  fluid  occurs  only 
when  the  disease  involves  the  peritoneum.  Tumor  masses  were 
palpated  in  15  per  cent  of  the  cases.  In  one  case  the  glands 
could  be  palpated  rectally  and  in  another  they  were  felt  on 
vaginal  examination.  Involvement  of  the  cervical  or  inguinal 
glands  was  noted  in  three  cases.  In  eleven  cases  where  the 
skin  test  was  reported,  ten  gave  a  positive  reaction.  A  leuco- 
cytosis  of  13,000  is  the  highest  recorded.  It  is  usually  normal. 
Talbot  reports  the  presence  of  an  excessive  amoimt  of  fat  in  the 
stools  in  seven  out  of  eleven  cases  occurring  in  children.  The 
diurnal  temperature  is  usually  normal  with  a  moderate  evening 
elevation.  The  glands  can  be  demonstrated  by  the  X-ray  when 
they  have  "undergone  suflicient  calcareous  change. 

TREATMENT 

As  in  all  cases  of  tuberculosis  the  mainstay  of  the  treatment 
is  hygienic.  When  the  glands  are  interfering  mechanically  with 
the  normal  function  of  the  intestines,  blood  vessels  or  ureters, 
they  should  be  removed  surgically. 
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PLATE  1 

Fig.  1.  Large  calcified  lymph  gland  lying  tangent  to  right  ureter  and  causing 
obstructive  symptoms. 
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PLATE  2 

Fig.  2.  Two  calcified  lymph  glands  in  region  of  right  ureter  causing  symp- 
toms of  ureteral  obstruction  of__ureter  at  times. 

Fig.  3.  Two  calcified  lymph  glands  in  region  of  right  ureter  causing  symp- 
toms of  ureteral  obstruction. 
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EXPERIMENTAL  PYELITIS  IN  THE  RABBIT 

H.  F.  HELMHOLZ  and  CAROL  BEELER 

From  the  Otho  S.  A.  Sprague  Memorial  Institute  Laboratory  of  the  Children's 

Memorial  Hospital 

From  a  study  of  the  literature  as  well  as  from  our  own  experi- 
ments carried  on  with  organisms  isolated  from  human  pyelitis 
cases,  it  is  e\'ident  that  only  very  occasionally  do  organisms  lo- 
caUze  in  the  kidney  after  intravenous  injection  unless  there  is 
some  obstruction  in  the  course  of  the  urinary  tract.  The  ex- 
periment of  Hess  (1),  of  Cabot  and  Crabtree  (2)  and  of  many 
others  show  that  bacteria  pass  through  the  kidney  in  large  num- 
bers without  affecting  that  organ.  From  the  results  of  our 
experiments  with  colon  bacilU  isolated  from  human  pyelitis  cases, 
we  had  come  to  practically  the  same  conclusion.  In  striking 
contrast  to  all  this  work  are  the  results  of  this  experimental 
study,  in  which  infections  of  the  kidney  were  produced  after 
intravenous  injections  of  the  organisms  in  about  two-thirds  of 
the  animals. 

In  like  manner  a  study  of  the  Uterature  concerning  ascending 
infection  of  the  urinary  tract,  other  than  tuberculous  shows  that 
without  some  accessory  factor  it  was  practically  impossible  to 
produce  an  ascending  infection  of  the  kidney.  Hess  (1)  in  his 
experiments  was  able  to  produce  an  ascending  infection  by  in- 
jecting turpentine  into  the  bladder  before  injecting  it  with  colon 
bacUli.  Sweet  and  Stewart  (3)  showed  that  when  the  ureters 
were  implanted  into  the  intestinal  wall,  an  ascending  infection 
of  the  kidney  occurred.  Cabot  and  Crabtree  (2)  are  inclined 
to  the  opinion  that  even  when  colon  baciUi  are  carried  lq  the 
lymph  stream  from  the  bladder,  they  reach  the  kidneys  by  way 
of  the  blood  stream  rather  than  by  way  of  the  lymph  channels. 

Eisendrath  and  Schultz  (4)  obtained  positive  cultures  from 
the  kidney  in  a  number  of  their  experiments  but  never  macro- 
scopic changes  in  the  kidneys  indicative  of  involvement  of  the 
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pelvis  or  substance  of  the  kidney.  In  marked  contrast  to  these 
observations  are  the  results  of  our  experiments.  In  10  out  of  15 
intravesical  injections  we  were  able  to  demonstrate  definite 
macroscopic  lesions  of  the  kidneys.  In  all  of  the  experiments  the 
urine  was  previously  controlled  by  culture  and  by  microscopic 
examination. 

The  results  in  these  two  series  of  experiments  are  so  at  vari- 
ance with  the  work  of  this  kind  reported  in  the  literature  that 
we  wish  to  report  in  detail  the  findings  of  all  our  experiments. 
The  histological  study  of  this  large  series  of  rabbit  kidneys  has 
shown  us  as  others  have  previously  observed,  that  the  rabbit  is 
subject  to  spontaneous  kidney  lesions  in  no  small  number  of 
cases.  In  10  of  the  animals  studied,  we  were  able  to  demon- 
strate lesions  of  the  kidney  that  were  definitely  of  longer  stand- 
ing than  could  result  from  our  injections.  Of  the  10  animals 
showing  chronic  changes,  4  (rabbits  76,  63,  68  and  42)  pre- 
sented also  acute  lesions,  from  which  colon  bacilli  were  isolated, 
so  that  there  can  be  little  question  that  there  was  a  double  proc- 
ess in  these  4  animals.  In  the  other  6  (rabbits  31,  32,  40,  53, 
57  and  87)  only  the  chronic  processes  were  observed.  These 
chronic  changes  were  manifested  by  focal  increase  in  connective 
tissue  and  in  small  areas  of  lymphocytic  infiltration.  In  some 
cases  the  infiltration  left  very  little  of  the  kidney  substance. 
In  others  there  was  a  more  diffuse  increase  in  connective  tissue 
between  the  tubules. 

In  this  connectien  it  might  be  mentioned  that  these  focal 
changes  in  the  renal  cortex  gave  rise  to  a  mistake  on  our  part 
in  the  number  of  cortical  kidney  abscesses,  as  reported  in  our 
previous  connimunication.  We  found  that  3  instances  which 
we  had  supposed  were  acute  abscesses  proved  on  microscopic 
exainination  to  be  focal  infiltrations  with  connective  tissue  and 
collections  of  lymphocytes.  In  a  continuation  of  our  work  we 
have  several  times  been  struck  by  the  difficulty  in  differentiating 
these  focal  infiltrations  froni  abscesses  macroscopically. 

In  some  previous  work  (5)  in  which  we  attempted  to  produce 

'kidney  lesions  in  the  rabbit  with  colon  bacilli  isolated  from 

human  pyelocystitis  cases,  we  were  able  to  obtain  lesions  in  the 
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kidnej'^  in  only  about  12  per  cent  of  the  animals  injected.  It 
was  during  the  course  of  these  experiments,  while  controlling 
the  urine  in  a  series  of  animals  before  injection,  that  we  exam- 
ined a  female  rabbit  that  constantly  had  a  large  number  of  pus 
cells  in  the  urine.  Cultures  taken  from  a  catheterized  specimen 
of  urine  on  several  occasions  showed  always  a  pure  culture  of  a 
Gram-negative  bacillus  that  had  the  cultural  characteristics  of 
Bacillus  coli  communior. 

The  organism  had  the  following  characteristics:  It  grew  well 
on  all  media.  There  was  a  profuse  yellowish  growth  on  agar. 
Gelatin  was  not  liquefied.  Litmus  milk  was  rendered  acid  and 
coagulated;  but  there  was  no  digestion  of  the  casein.  Indol  was 
produced.  There  was  acid  and  gas  formation  in  dextrose,  lac- 
tose and  saccharose. 

As  this  bacillus  formed  the  basis  of  this  entire  series  of  ex- 
periments, we  give  with  some  detail  the  following  history  of 
the  animal : 

February  7,  1917.  The  first  urine  examined  showed  about  150  pus 
cells  to  a  low  power  field."* 

February  10  to  February  20.  Daily  examination  revealed  a  large 
number  of  pus  cells,  single  and  in  groups. 

February  20.  A  catheterized  specimen  of  urine  was  cultured  in  lit- 
mus lactose  agar,  plain  agar  and  broth. 

February  21.    There  were  innumerable  colonies  on  both  plates. 

February  23.  Specimens  were  expressed  every  other  day  showing 
albumin  and  casts  in  addition  to  pus  cells. 

March  3.  Another  catheterized  specimen  was  cultured;  pure  cul- 
ture, same  as  obtained  on  February  20. 

The  animal  was  chloroformed,  as  it  was  getting  very  much  weaker. 

Necropsy.  Upon  opening  the  peritoneal  cavity  the  abdominal  or- 
gans all  appear  practically  normal.  The  bladder  is  distended  with 
urine.  The  stomach,  gastro-intestinal  canal,  spleen,  liver,  gall-blad- 
der, heart  and  lungs  show  nothing  abnormal.  On  dissecting  free  the 
overlying  organs  the  ureters  on  both  sides  are  seen  to  be  considerably 
dilated  as  far  down  as  the  brim  of  the  pelvis.  Beyond  this  point  they 
appear  to  be  of  normal  diameter.  No  apparent  pathologic  constriction 
in  the  ureter  at  the  brim  of  the  pelvis  \Tsible.  The  pelvis  of  both 
kidnej's  are  smooth  and  of  a  reddish  brown  color..    The  capsule  strips 


398  H.    F.    HELMHOLZ   AND   CAROL   BEELER 

readily.  On  section  the  cortex  is  of  normal  thickness,  the  striations 
regular.  The  outer  portion  of  the  medulla  is  deeply  congested.  The 
pelves  of  both  kidneys  are  markedly  distended.  The  left  kidney  pelvis 
is  filled  with  a  thin  purulent  material,  the  right  practically  empty. 
The  bladder  urine  show  only  relatively  few  leucocytes,  numerous  casts 
and  much  debris.  Cultures  taken  from  the  bladder  and  right  kidney 
pelvis  yield  a  pure  culture  of  Gram-negative  bacillus. 

Histology.  The  bladder  mucous  membrane  in  the  entire  section  is 
practically  intact.  In  areas  there  are  small  clusters  of  lymphocytes; 
there  are  practically  no  polymorphonuclear  leucocytes  to  be  seen  in  the 
section.  Ureter:  A  series  of  12  blocks  taken  from  the  ureter  show  only 
a  distended  lumen  without  any  infiltration,  acute  or  chronic.  Kidney: 
There  is  considerable  degeneration  of  the  epitheHum  and  dilation  of 
the  collecting  tubules;  in  areas  focally  there  is  considerable  increase 
in  connective  tissue.  In  the  medulla,  especially  toward  the  tip  of  the 
papilla,  there  is  marked  leucocy1;ic  infiltration  about  the  tubules. 
Eosinophil  cells  are  much  in  evidence.  The  mucosa  of  the  pelvis  is 
apparently  thickened  and  shows  considerable  infiltration  with  leuco- 
cytes (fig.  1).    The  pelvis  is  filled  with  masses  of  pol3anorphonuclear 

leucocytes. 

* 

EXPERIMENTAL   TECHNIQUE 

The  technique  used  in  the  experiments  was  as  follows:  The 
intravenous  injections  were  made  with  a  bacterial  suspension 
made  by  centrifuging  15  cc.  of  a  twenty-four  hour  broth  culture 
and  suspending  the  bacilli  in  5  cc.  of  physiologic  sodium  chlorid 
solution.  One  cubic  centimeter  of  this  suspension  was  injected 
into  the  ear  vein.  The  intravesical  injections  were  made  after 
carefully  catheterizing  the  animals  and  allowing  5  cc.  of  the 
bacterial  suspension  to  run  into  the  bladder.  In  the  feeding 
experiments  8  cc.  were  introduced  into  the  stomach  by  means 
of  a  tube.  In  the  rectal  injections  8  cc.  of  bacterial  suspension 
were  introduced  as  high  as  possible  through  a  rectal  tube. 

In  the  intravenous  series  of  experiments  31  animals  were  in- 
jected. The  first  10  animals  received  3  injections  at  intervals  of 
two  days.  The  remaining  22  received  only  a  single  injection  of 
1  cc.  of  a  tw^enty-four  hour  culture  of  the  organism.  Of  the  31 
animals  injected,  17  showed  a  definite  pyelitis.     This  pyelitis 
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was  unilateral  in  5  instances  and  bilateral  in  12.  In  9  instances 
there  were  cortical  abscesses  in  addition  and  in  1  instance  medul- 
lary abscesses.  Only  1  of  the  5  cases  in  which  the  pyelitis 
was  unilateral  were  there  any  abscesses  in  the  cortex.  The 
lesions  in  the  pelvis  usually  consisted  of  a  purulent  exudate 


Fig.   1.     Section  Through  Rabbit  Pelvis  Showing  Collections  of  Leuco- 
cytes AND  THE  Thickened  Mucosa 

within  the  lumen  and  submucous  infiltration  with  pus  cells  just 
beneath  the  mucous  lining  of  the  papilla.  This  submucous  in- 
filtration which  in  the  milder  cases  involved  only  the  papilla 
but  in  the  more  severe  types  extended  also  to  the  parietal  lin- 
ing of  the  pelvis,  was  probably  the  most  typical  lesion  observed 
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in  this  group  of  cases.  This  was  particularly  striking  in  several 
instances,  in  which  the  purulent  exudate  during  the  course  of 
examination  had  been  washed  out  of  the  pelvis  and  practically 
the  only  lesion  to  be  observed  on  histological  examination  was 
this  thin  zone  of  leucocytic  infiltration  just  beneath  the  mucosa 
of  the  papilla.  In  the  more  severe  cases  there  was  a  leucocytic 
zone  of  infiltration  of  considerable  thickness  below  the  mucosa. 
In  the  less  severe  cases  only  scattered  polymorphonuclear  leuco- 
cytes were  seen  below  the  mucosa.  Pus  cells  wandering  through 
the  mucosa  were  relatively  infrequent. 

In  those  cases  in  which  the  pyelitis  was  complicated  by  cor- 
tical abscesses,  the  purulent  material  could  usually  be  traced 
through  the  medulla  into  the  pelvis.  Whether  a  large  series  of 
section  taken  through  this  part  of  the  kidney  would  have  shown 
miliary  abscesses  in  the  cortex  or  medulla  is  a  question  that 
would  be  difficult  to  answer.  In  a  number  of  animals  several 
blocks  were  studied  and  in  only  one  instance  were  abscesses 
found  that  had  not  been  discovered  macroscopically.  This  in- 
stance was  not  included  in  this  series  of  experiments,  because 
we  have  not  included  any  animals  dying  within  the  first  twenty- 
four  hours.  The  abscess  formation  was  characterized  by  the 
collection  of  pus  cells  within  the  glomeruli.  In  the  section 
studied  there  was  nothing  found  to  suggest  that  the  bacteria 
were  carried  directly  to  the  capillaries  lining  the  pelvic  wall, 
rather  than  that  they  were  excreted  through  the  glomeruli  and 
then  carried  down  with  the  urine  through  the  pelvis.  It  is 
striking  as  mentioned  above  that  the  infiltration  of  the  pelvic 
wall  was  always  most  marked  beneath  the  lining  of  the  papilla. 
The  eosinophilic  leucocytes,  because  of  their  definite  staining 
qualities,  could  be  recognized  in  large  numbers  in  these  exudates. 
In  order  to  compare  the  series  of  intravenous  injections  with 
those  of  intravesical  injections,  all  the  sections  of  the  entire 
series  were  gone  over  once  more  to  study  in  particular  the  ques- 
tion of  infiltration  about  the  pelvis,  especially  in  its  parietal 
portion,  where  it  joined  the  ureter.  Of  the  13  cases  of  pyelitis 
there  were  two  instances,  animals  42  and  64,  showing  definite 
infiltration  about  the  pelvis  and  extending  down  toward  the 
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ureter.  In  animal  81  there  was  considerable  infiltration  limited 
rather  strictly  to  the  parietal  wall  of  the  pelvis  and  not  extending 
down  toward  the  ureter.  In  animal  75  there  was  considerable 
parietal  infiltration  of  more  chronic  nature  however.  It  is  thus 
seen  that  in  only  a  smaU  proportion  of  cases  was  the  parietal 
infiltration  of  any  significance.  The  majority  of  the  cases  in 
the  sections  studied  showed  practically  no  infiltration. 

In  none  of  these  experiments  was  any  definite  enlargement  of 
the  pelvic  cavity  to  be  made  out.  The  pelvis,  frequently  dis- 
tended with  pus,  never  showed  a  pyonephrosis  as  did  the  original 
rabbit  (R17.il). 

The  localization  of  colon  bacilli  in  the  kidney  was  very  strik- 
ing, 20  out  of  31  animals  showing  renal  lesions.  Of  equal  impor- 
tance is  the  fact  that  in  only  four  instances  were  there  any  defi- 
nite lesions  outside  the  urinary  tract  which  could  be  ascribed  to 
the  colon  bacillus.  These  lesions  consisted  of  one  instance 
each  of  abscess  of  the  seminal  vesicle,  diphtheritic  coUtis,  hemor- 
rhage of  the  caecum  and  generaHzed  peritonitis.  In  our  pre- 
vious series,  on  the  other  hand,  only  8  out  of  66  animals  showed 
kidney  lesions  and  21  of  these  66  showed  lesions  elsewhere  in 
the  body.  If  the  results  of  these  two  series  of  experiments  are 
compared  it  is  evident  with  what  specificity  this  organism  tends 
to  localize  in  the  kidney.  In  the  present  series  of  experiments 
coccidiosis  was  exceptional  rather  than  the  rule,  while  in  the  pre- 
vious series  it  was  quite  prevalent.  TMiether  or  not  this  had  any- 
thing to  do  with  the  localization  of  the  colon  baciUi  in  the  other 
organs  it  is  rather  difficult  to  say. 

The  following  is  a  detailed  study  of  4  rabbits  from  the  time  of 
intravenous  injection  of  bacterial  suspension  to  autopsy: 

R17.19.     Weight  1  -pound  4i  ounces 

February  23.  Urine  examined  before  injection:  Microscopically 
there  are  no  cells  or  casts;  no  albumin.  Culture  of  urine  shows  no 
organism  present  in  1  cc.  of  urine.  1  cc.  of  thirty-six  hour  culture  of 
urine  of  R17.il  was  injected  intravenously. 

February  2Jf..  Urine  examined.  Microscopic  examination  negative; 
acid  reaction;  no  albumin  present. 
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February  26.  Urine  examined.  About  10  pus  cells  to  low  power  field. 
Temperature  40.7". 

February  27.  Urine  examined.  About  10  pus  cells  to  low  power 
field.     No  albumin. 

February  27,  'p.m.  Reinjected  as  above  with  1  cc.  of  twenty-four 
hour  culture  from  urine  of  R17.il. 

February  28.  Urine  examined.  About  10  pus  cells  to  low  power 
field;  acid  reaction;  albumin  present. 

March  1.     Urine  examined.     Microscopic  examination  is  negative. 

March  2.  Urine  examined.  About  10  pus  cells  to  low  power  field; 
acid  reaction;  albumin  present. 

March  6.  Urine  examined.  About  40  to  50  pus  cells  in  low  power 
field;  acid. 

March  7.  Urine  examined.  150  to  200  pus  cells,  single  and  in  groups^ 
are  seen;  no  casts.    The  temperature  was  39.8°. 

March  8.    200  pus  cells  single  and  in  groups;  no  casts. 

March  9.  Urine  is  loaded  with  pus  cells  and  casts.  Smear  shows 
myriads  of  Gram-negative  bacilli,  which  is  the  only  organism  present. 

March  10.  Catheterized.  Urine  loaded  with  pus  cells  Urine 
plated  on  plain  agar  and  in  broth.  Plate  is  covered  with  colonies. 
Broth  contains  pure  culture  of  Gram-negative  bacilli.  Plates  con- 
tain only  colonies  of  Gram-negative  bacilH. 

March  12.     Diarrhea. 

March  14-     About  100  pus  cells  to  low  power  field. 

March  16.     Many  pus  cells,  single  and  in  groups. 

March  20.     150  to  200  pus  cells  in  low  power  field. 

March  26.  Many  pus  cells,  single  and  in  groups;  5  to  6  granular 
and  hyaline  casts;  albumin  present. 

March  29.     Died. 

Autopsy.  Upon  opening  the  peritoneal  cavity  the  bladder  contains 
a  small  amount  of  urine  in  which  are  found  a  few  pus  cells.  The  kid- 
neys appear  normal  externally  and  on  section.  Both  pelves  are  empty. 
There  is  a  slight  injection  of  the  urethra.  Culture  of  the  bladder 
urine  yields  a  Gram-negative  bacillus.  The  other  organs  show  nothing 
unusual. 

Microscopic  examination.  Left  kidney :  There  is  considerable  cloudy 
swelHng  of  the  epithehum  of  the  convoluted  tubules.  There  is  a 
slight  excess  of  eosinophil  cells  in  the  glomeruh.  The  cortex  is  other- 
wise negative.  The  medulla  shows  nothing  unusual.  The  pelvis 
contains  no  exudate  and  the  mucous  membrane  is  not  infiltrated  with 
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pus  cells.  Right  kidney:  This  resembles  the  left  except  that  there  is 
more  marked  infiltration  of  the  glomeruli  with  eosinophil  cells.  There 
are  no  areas  of  infiltration  but  the  eosinophil  cells  are  scattered  quite 
diffusely  throughout  the  cortex.  The  medulla  shows  nothing  unusual. 
The  pelvis  contains  a  purulent  exudate  consisting  largely  of  polj^- 
morphonuclear  leucocytes  and  some  detritus.  The  mucous  membrane 
throughout   almost  its  entire  extent  is  infiltrated  with  leucocytes, 


Fig.  2.    Pus  in  Lumex;  Leucocytes  ix  Tissue 

man  J'  of  them  of  the  eosinophil  type.  The  bladder  shows  nothing 
abnormal.  The  ureter  shows  slight  desquamation  of  the  epithelium  in 
the  lumen.  There  are  no  pus  cells  and  no  periureteral  infiltration. 
The  urethra  shows  nothing  abnormal. 


R17.27.     Weigh    2  -pounds  6  ounces 

March  8.    Urine:  Microscopic  examination  negative;  faintly  alkaline; 
albumin  absent.     Injected  intravenously  with  Ij  cc.  of  a  suspension 
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in  4  cc.  of  salt  solution  of  15  cc  broth  culture  of  B.  coli  from  right 
pelvis  of  R17.il. 

March  9.     Urine:  Microscopic  examination  negative. 

March  10.     Urine  is  loaded  with  pus  cells. 

March  12.  Urine  is  loaded  with  pus  cells.  Trace  of  albumin  is 
present. 

March  14  to  March  16.     Many  pus  cells  in  urine. 

Sacrificed. 

Autopsy.  Upon  opening  the  peritoneal  cavity  the  bladder  vessels 
are  distended  and  the  tissues  about  the  bladder  somewhat  edematous. 
The  bladder  is  empty.  The  liver  and  gastro-intestinal  canal  are  nega- 
tive. The  kidneys  are  of  a  dark  brown  red  color  and  scattered  irregu- 
larly throughout  the  surface  are  numerous  opaque  yellow  areas  varying 
in  diameter  from  1  to  3  mm.  The  ureters  are  definitely  injected  on  the 
serous  surface.  From  the  cut  section  of  both  ureters  pus  can  be  ex- 
pressed. Upon  section  of  the  kidney  the  cortex  looks  practically  nor- 
mal. Extending  down  from  the  cortex  almost  to  the  papillae  are  nu- 
merous yellow  lines,  widest  at  the  cortex  and  narrowing  toward  the 
papillae.  The  pelves  appear  smooth,  slightly  injected.  The  right 
kidney  pelvis  contains  pus.  The  lungs  and  heart  show  nothing  un- 
usual. The  bladder  shows  numerous  small  hemorrhages  on  the  sur- 
face. Cultures  from  the  abscesses  of  the  right  and  left  kidney  all 
show  Gram-negative  bacilli. 

Microscopic  examination.  The  bladder  in  the  section  studied  shows 
practically  an  intact  mucous  membrane  which  in  most  areas  is  definitely 
infiltrated  with  polymorphonuclear  cells.  In  some  areas,  just  be- 
neath the  mucosa  are  seen  small  hemorrhages.  In  some  areas  in  the 
same  location  there  are  collections  of  large  number  of  leucocytes. 
The  left  kidney  cortex  shows  considerable  degeneration  of  the  epithe- 
lium. In  certain  areas  there  is  marked  infiltration  with  polymorpho- 
nuclear leucocytes,  distending  the  tubules  and  with  considerable  infil- 
tration about  them.  In  other  areas  the  structure  of  the  kidney  is  en- 
tirely lost  and  is  just  one  large  mass  of  leucocytes.  This  same  holds 
true  of  areas  in  the  medulla,  extending  down  toward  the  papilla  The 
medulla  is  9therwise  negative.  The  pelvis  is  filled  with  a  purulent 
exudate.  The  lining  of  the  pelvis  does  not  show  very  much  infiltration 
with  leucocytes  in  the  section  studied.  Section  through  the  right 
kidney  shows  no  abscesses  in  the  cortex  and  only  small  areas  of  infil- 
tration into  the  medulla  The  pelvis  is  empty  and  there  is  no  infil- 
tration of  the  epithelium  of  the  pelvis.  The  ureter  shows  nothing 
abnormal. 
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March  17.  Urine:  Microscopic  examination  negative;  albumin  ab- 
sent; faintly  alkaline.  Injected  intravenously  with  1  cc.  of  a  suspension 
in  5  cc.  of  salt  solution  of  15  cc.  of  a  broth  culture  (forty-eight  hours) 
of  B.  coU  from  the  pelvis  of  the  right  kidney  of  R17.26. 

March  19.    Urine  shows  about  20  pus  cells  in  low  power  field. 

March  20.  Urine  shows  many  pus  cells,  single  and  in  groups;  albu- 
min absent;  acid  reaction. 

March  21.     Urine  loaded  with  pus  cells. 

Died. 

Autopsy  done  immediately  after  death.  The  bladder  is  distended 
with  urine  loaded  with  pus  cells.  The  ureters  are  distended,  especially 
so  near  the  pelvis  Pus  is  expelled  from  the  cut  end  of  both  ureters. 
Right  kidney:  Externally  there  are  seen  many  smaU  abscesses  on  the 
surface.  On  longitudinal  section  pus  exudes  from  the  pelvis.  The 
kidney  otherwise  appears  normal.  Left  kidney:  There  are  a  few  ab- 
scesses on  the  surface  which  is  otherwise  smooth.  On  section  pus 
exudes  from  the  pelvis.  The  spermatic  sac  is  somewhat  injected  and 
contains  some  pus.  The  gastro-intestinal  canal  is  entirely  normal. 
There  is  coccidiosis  of  the  Uver  and  gaU  bladder  and  also  of  the  heart. 
The  lungs  show  sHght  congestion.  Cultures  of  the  bladder,  right  and 
left  kidney  pelves  all  show  Gram  negative-bacUU. 

Microscopic  examination.  The  lungs  show  marked  congestion  and 
in  some  small  areas  an  inflammatory  exudate.  The  bladder  shows 
nothing  abnormal.  The  kidney  cortex  shows  marked  sweUing  of  the 
epitheHum  but  no  excess  of  cells  in  the  glomeruli.  In  one  area  there  is 
a  purulent  infiltration  of  several  glomeruli  and  tubules  extending  down 
into  the  medulla.  This  infiltration  disappears  in  the  medulla  in  the 
section  studied.  The  very  tip  of  the  papiUa  shows  immediately  un- 
derneath the  mucous  membrane  a  wide  zone  of  infiltration  with  leuco- 
cytes. This  zone  gradually  shades  off  into  a  single  layer  of  cells  under- 
neath the  lining  of  the  pelvis.  The  pelvic  mucosa  shows  considerable 
infiltration  with  pohTnorphonuclear  leucocji;es.  The  pelvis  contains  a 
small  amount  of  pus.  In  one  area  there  is  a  hemorrhage  just  beneath 
the  pelvic  mucosa.  The  lining  of  the  upper  portion  of  the  ureter 
shows  no  infiltration  nor  is  there  any  periureteral  infiltration. 

R17.81 

April  9.  Urine:  Microscopic  examination  negative;  albumin  ab- 
sent; acid  reaction.     Injected  intravenous^  with  1  cc.  of  a  suspension 
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in  3  cc.  salt  solution  of  10  cc  broth  culture  of  the  organism  from 
R17.64. 

April  13.     Urine:  Microscopic  examination  negative. 

April  16.     Urine  shows  30  to  40  pus  cells  and  several  casts. 

April  19.    Urine:  Microscopic  examination  negative. 

April  23.     Urine:  Microscopic  examination  negative. 

April  25.     Urine  shows  granular  casts  and  many  pus  cells  in  clumps. 

April  28.  Urine  shows  10  to  15  granular  casts  and  a  few  small 
groups  of  pus  cells. 

May  1.    Died. 

Autopsy.  The  bladder  urine  contains  casts  and  epithelial  cells  but 
no  pus  cells.  The  right  kidney  appears  normal  externally  and  on 
section.  There  is  no  pus  in  the  pelvis  of  the  right  kidney.  The  left 
kidney  resembles  the  right  externally.  On  section  there  is  a  consid- 
erable amount  of  pus  in  the  left  pelvis.  The  stomach  and  intestinal 
canal  are  entirely  normal.  There  is  some  coccidiosis  of  the  gall  blad- 
der and  liver.  The  autopsy  is  otherwise  negative.  Cultures  from  the 
bladder  urine  contain  Gram-positive  cocci  and  Gram-negative  bacilli. 
Culture  from  the  left  kidney  pelvis  shows  only  Gram-negative  bacilli. 

Microscopic  examination.  Left  kidney:  The  cortex  shows  inflamma- 
tory infiltration.  The  glomeruli  appear  normal  and  the  medulla  shows 
no  definite  areas  of  acute  infiltration.  The  pelvis  contains  consider- 
able amount  of  purulent  exudate  but  only  sUght  infiltration  of  the 
wall  over  the  papillae.  The  submucous  infiltration  is  more  marked  in 
the  parietal  portion  of  the  pelvis.  The  right  kidney  shows  a  normal 
cortex  and  medulla.  There  is  no  pus  in  the  pelvis  and  no  evidence  of 
infiltration  of  the  wall. 

INTRAVESICAL   INJECTIONS 

A  total  of  15  animals  received  intravesical  injections  of  from 
5  to  8  cc.  of  a  broth  culture  of  Bacillus  coli  communior.  At  the 
time  of  the  injection  the  bladder  was  first  drained  of  its  urine 
and  this  urine  was  cultured  in  each  instance.  In  no  instance 
was  there  a  Gram-negative  bacillus  found  and  in  none  were  there 
more  than  a  few  organisms  per  cubic  centimeter  of  urine.  The 
broth  culture  was  allowed  to  run  into  the  bladder  by  gravity. 
In  order  to  make  sure  that  by  this  procedure  no  material  reached 
the  ureters,  we  injected  3  animals  with  gentian  violet  in  the 
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same  manner.  In  none  of  them  were  we  able  to  find  the  blad- 
der markedly  distended  or  any  evidences  that  the  fluid  had 
passed  into  the  ureters.  Since  these  experiments  we  have  used 
this  same  technic  with  another  series  of  rabbits  and  found  much 
to  our  disappointment  that  the  infection  was  limited  to  the 
bladder  in  the  great  majority  of  instances. 

Of  this  first  series  of  15  animals,  10  developed  pyelitis,  8  bi- 
lateral and  2  unilateral.  In  one  of  the  instances  of  unilateral 
pyelitis  the  culture  from  both  kidneys  was  positive  but  evidence 
of  inflammation  was  present  in  only  one  kidney.  In  one  case 
only,  R66,  were  there  cortical  abscesses.  These  abscesses  were 
present  in  a  small  group  in  only  one  area  of  each  kidney.  They 
differed  in  this  respect  from  the  abscesses  following  intravenous 
injection  which  were  always  diffusely  scattered  over  the  surface. 
Furthermore  they  were  surrounded  by  quite  a  wide  zone  of 
hemorrhagic  infiltration. 

In  two  instances,  R49  and  R54,  there  were  no  findings  either 
macroscopic  or  microscopic  but  we  were  able  to  cultivate  the 
Bacillus  coli  communior  from  the  kidney  pelvis.  All  cultures 
taken  from  the  heart's  blood  at  autopsy  were  found  to  be  sterile. 

If  we  compare  the  pathology  of  the  intravesical  injections  with 
that  of  the  intravenous  injections,  we  find  that  the  parietal  infil- 
tration is  much  more  evident  in  the  former.  Although  some  of 
the  intravesical  injections  caused  infiltration  of  the  mucous 
membrane  of  the  papilla,  it  is  found  only  in  those  cases  in  which 
the  infiltration  of  the  parietal  membrane  is  very  marked.  In 
some  instances  there  is  parietal  infiltration  but  absence  of  any 
submucous  infiltration  of  the  papilla.  In  rabbit  52  there  is 
definite  parietal  infiltration  with  slight  infiltration  of  the  pa- 
pilla. Animal  66  of  all  this  series  probably  best  shows  the 
course  of  the  infection.  The  bladder  shows  very  marked  infil- 
tration of  the  wall.  The  section  of  the  ureter  entering  the  blad- 
der shows  a  definite  polymorphonuclear  infiltration,  both  in  the 
muscle  layers  as  well  as  in  the  periureteral  tissue.  Near  the 
uretero-pelvic  junction,  the  ureteral  wall  is  densely  infiltrated 
with  an  acute  exudate  and  the  parietal  portion  of  the  pelvic 
mucosa  is  densely  infiltrated  with  cells.     The  abscesses,  as  men- 


EXPERIMENTAL    PYELITIS    IN   THE    RABBIT  411 

tioned  above,  were  limited  in  each  kidney  to  a  small  portion  of 
the  cortex  and  the  direct  connection  between  the  abscesses  and 
the  pus-filled  tubules  down  to  the  pelvic  cavity  could  be  demon- 
strated. The  sections  of  the  bladder,  ureter  and  kidney  (figs. 
2  and  3)  especially  when  these  are  compared  with  sections  of 
the  same  organs  from  anmials  receiving  intravenous  injections, 
readily  show  the  course  of  the  infection  and  this  can  be  traced 
from  the  bladder  to  the  cortex  of  the  kidney.  From  this  severest 
type  of  ascending  infection,  we  have  all  transitions  to  the  type  in 
which  we  were  able  to  find  only  the  colon  bacillus  in  culture 
from  the  pelvis  of  the  kidney  without  any  lesions,  macroscopically 
or  microscopically.  At  this  point  we  do  not  wish  to  go  more  par- 
ticularly into  the  question  of  the  ascending  infection,  except  to 
say  that  it  seems  to  us  that  these  experiments,  by  the  mode  of 
injection  and  by  the  pathological  condition  found,  prove  quite 
definitely  that  the  infection  traveled  up  the  periureteral  lym- 
phatics to  the  kidney,  rather  than  that  from  a  primary  cystitis 
a  secondary  infection  of  the  kidney  occurred  by  way  of  the  blood 
stream.  We  hope  at  a  later  date  to  go  more  minutely  into  the 
histological  findings  in  cases  of  ascending  infection.  Further 
expermients  in  this  connection  are  at  present  under  way. 

The  following  is  a  detailed  study  of  4  rabbits  receiving  intra- 
vesical injections  of  bacterial  suspensions. 

R17.o4 

March  29.  Urine:  Microscopic  examination  negative;  albumin  ab- 
sent; acid  reaction.  Catheterized  specimen  of  m*ine  was  plated;  no 
growth.  5  cc.  broth  forty-eight  hour  culture  from  the  pelvis  of  the 
left  kidney  and  bladder  of  R17.42  were  injected  intra vesicallj'. 

March  30.     Urine  shows  8  to  10  pus  cells. 

April  2.  Urine  shows  many  pus  cells  and  6  to  8  granular  and 
hyaline  casts. 

April  4-     Urine  shows  20  to  30  single  cells  and  several  groups. 

April  10.     Urine  loaded  with  pus  cells  and  several  casts. 

April  11.     Sacrificed. 

Autopsy.  The  bladder  is  somewhat  edematous  and  is  filled  with 
urine  containing  many  pus  cells  mostW  in  troups.  The  ureters  and 
kidneys  show  nothing  abnormal,  externally  or  on  section.     Cultures 
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from  the  heart  and  the  right  kidney  are  negative;  from  bladder  and 
left  kidney  positive  for  Gram-negative  bacilli. 

Microscopic  examination.  The  bladder:  The  epithelium  is  markedly 
infiltrated  with  pus  cells.  The  subepithelial  layer  and  also  deeper 
layers  of  the  bladder  show  considerable  polymorphonuclear  infiltration. 
Right  kidney:  The  cortex  and  medulla  show  no  evidence  of  infiltration. 
The  pelvis  is  empty  and  the  mucosa  shows  no  infiltration.     Section 


Fig.  3.     Pyelitis;  Peri-Pelvic  Inflammation 

of  the  ureter  shows  nothing  abnormal.  Left  kidney:  The  cortex  and 
medulla  show  nothing  abnormal.  There  is  no  exudate  in  the  pelvis. 
The  epithelium  of  the  pelvis  shows  no  infiltration  at  any  point.  The 
section  of  the  ureter  shows  an  empty  lumen  and  no  infiltration  of  the 
mucosa  or  of  the  periureteral  tissues. 


R17.66 

March  31.  Urine:  Microscopic  examination  shows  some  epithelial 
cells;  acid  reaction;  albumin  absent.  Catheterized  specimen  plated: 
One  colony  on  plate — staphylococcus  albus. 
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March  31.  6  cc.  broth  twenty-four  hour  culture  of  organisms  from 
R17.41  were  injected  intravesically. 

April  2.     Urine  shows  many  pus  cells,  single  and  in  groups. 

April  4.  Urine  is  loaded  with  pus  cells,  single  and  in  groups;  no 
casts. 

April  10.  Urine  loaded  with  pus  cells  and  casts.  Animal  in  poor 
condition, 

April  11.     Sacrificed. 

Autopsy.  Upon  opening  the  peritoneum  the  bladder  contains  a 
small  amount  of  urine  filled  with  pus  cells  and  casts.  The  bladder 
wall  appears  slightly  edematous.  The  kidneys  externally  show  a 
group  of  small  hemorrhagic  lesions  with  yellowish  centers.  On  sec- 
tion these  lesions  are  seen  to  extend  through  the  cortex  down  into  the 
medulla.  There  too  they  appear  rather  hemorrhagic  (see  figure  3). 
The  pelves  are  distended  with  pus.  Cultures  from  the  bladder  and 
right  kidney  show  pure  culture  Gram-negative  bacilli.  Culture  of  the 
heart's  blood  is  negative. 

Microscopic  examination.  Right  kidney:  Sections  taken  from  three 
serial  blocks. 

Block  1.  For  the  most  part  the  kidney  cortex  appears  entirely  nor- 
mal. In  one  area,  however,  there  are  numerous  small  infiltrations  of 
polymorphonuclear  leucocytes  near  the  glomeruli  and  surrounding 
tubules.  In  the  central  one  of  these  areas  the  process  has  spread  break- 
ing through  the  tubules  and  showing  quite  a  wide  zone  of  infiltration. 
Extending  from  this  area  there  are  several  streaks  running  down  into 
the  medulla  and  on  cross  section  small  groups  of  tubules  in  the  medulla 
are  seen  filled  with  a  purulent  exudate,  the  walls  of  which  show  con- 
siderable polymorphonuclear  infiltration.  The  pelvis  contains  pus. 
The  walls  in  some  areas  show  polymorphonuclear  infiltration  which, 
however,  is  not  very  marked. 

Block  II.  In  the  section  from  this  block  the  cortex  appears  entirely 
normal  with  the  exception  of  infiltration  in  one  glomerulus.  The 
upper  portion  of  the  medulla  also  appears  perfectly  normal  and  no 
streaks  are  seen  running  down.  In  the  lower  portion  of  the  medulla 
cut  in  transverse  section  are  seen  numerous  groups  of  tubules  densely 
filled  with  purulent  exudate.  Many  of  them  are  surrounded  by  a 
collar  of  infiltration.  In  this  section  the  pelvis  contains  pus  and  shows 
very  much  more  marked  infiltration  of  the  pelvic  mucosa. 

Block  III.  This  runs  through  the  tip  of  the  papilla  and  shows  a 
large  opening  of  the  tubules  fiUed  with  a  purulent  exudate  and  showing 
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in  numerous  places  dense  infiltration  in  the  peritubular  tissue.  The 
epithelium  on  the  side  of  the  papilla  seems  to  be  thickened  and  on  sec- 
tions shows  small  groups  of  pus  cells  surrounded  completely  by  epi- 
thelium. The  mucosa  of  the  pelvis  shows  some  infiltration,  but  the 
subepitheHal  infiltration  is  much  more  marked.  The  cortex  in  this 
section  shows  nothing  abnormal.  The  loose  areolar  tissue  about  the 
pelvis  shows  a  large  excess  of  polymorphonuclear  cells.  The  vessels 
show  nothing  unusual. 

R17.68 

March  31.  Urine:  Microscopic  examination  negative;  albumin  ab- 
sent; alkaUne  reaction.  Catheterized  specimen  plated:  one  colony 
staphylococcus  albus  in  1  cc.  of  urine.  Six  cubic  centimeters  of  a 
twenty-four  hour  broth  culture  of  organisms  from  R17.41  were  in- 
jected into  the  bladder. 

April  2.     Urine  shows  many  pus  cells,  single  and  in  groups. 

April  4-  Urine  shows  50  to  60  pus  cells  in  low  power  field  but  no 
casts. 

April  10.     Urine  shows  4  to  5  pus  cells  but  no  casts  and  no  debris. 

April  IS.     Urine  shows  40  to  50  pus  cells. 

April  16.     Urine  loaded  with  pus  cells. 

April  19.  Urine  shows  strings  of  pus  but  few  in  the  remainder  of 
the  urine. 

April  23.     Impossible  to  obtain  specimen. 

April  26.  Urine  loaded  with  pus  cells  and  strings  of  pus,  also  8  to 
10  granular  casts;  albumin  present. 

April  28.  Urine  shows  18  to  20  granular  and  hyaline  casts  and 
many  pus  cells,  also  some  strings  of  pus. 

May  2.     Urine  loaded  with  pus  cells  and  casts. 

May  4.     Dead. 

Autopsy.  Upon  opening  the  peritoneal  cavity  the  bladder  urine  con- 
tains many  pus  cells-  and  casts.  The  bladder  is  normal.  The  vagina 
contains  a  small  amount  of  pus.  The  ureters  are  somewhat  injected, 
particularly  the  right.  The  kidneys  appear  normal  externally  and  on 
section,  except  for  pus  in  the  pelvis  of  the  right.  The  left  pelvis  was 
empty.  The  other  organs  are  entirely  negative.  The  bladder  and 
right  kidney  pelvis  yield  in  culture  only  Gram-negative  bacilli.  The 
culture  from  the  left  kidney  pelvis  was  negative. 

Microscopic  examination.  The  right  kidney  shows  a  normal  cortex 
except  in  one  area  there  is  some  lymphoid  infiltration  about  the  ves- 
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sels  extending  down  between  several  of  the  tubules.  In  the  medulla 
there  are  several  areas  where  there  is  infiltration  with  lymphocytes. 
Near  the  tip  of  the  papUla  several  tubules  are  filled  with  an  exudate 
containing  polymorphonuclear  cells.  The  pelvis  is  practically  empty. 
The  pelvic  mucosa  shows  in  some  areas  slight  submucous  infiltration. 
Left  kidney:  This  shows  no  changes  in  the  cortex,  medulla,  or  pelvis. 

R17.86 

April  9.  Urine:  Microscopic  examination  negative;  albumin  ab- 
sent ;  acid  reaction.  Five  cubic  centimeters  of  a  broth  culture  of  R17.47 
were  injected  intravenously.     Catheterized  specimen  of  urine  plated. 

April  11.  First  specimen  plated;  shows  3  colonies  of  Gram-positive 
coccus. 

April  13.     Urine  loaded  with  casts;  granular. 

April  15.     Urine  loaded  with  pus  cells,  and  20  to  50  granular  casts. 

April  19.     Urine  shows  10  to  12  pus  cells. 

April  23.     Urine  shows  many  pus  cells  and  5  to  6  granular  casts. 

April  28.  Urine  shows  20  to  30  pus  cells  and  2  to  3  granular  casts, 
also  much  debris. 

May  2.  Urine  loaded  with  pus  cells  and  contains  many  casts. 
Urethra  swollen  and  apparently  infected. 

May  9.    Animal  died. 

Autopsy  done  immediately.  The  bladder  is  distended  with  urine 
which  contains  many  pus  cells  and  casts.  The  ureters  and  bladder  are 
normal  externally.  Both  kidneys  appear  normal  externally.  The 
left  pelvis  contains  pus  on  section.  The  right  pelvis  contains  none. 
There  is  some  pus  in  the  vagina.  The  autopsy  is  otherwise  negative. 
Culture  from  both  kidneys  and  bladder  yield  pure  culture  Gram-negative 
bacilli. 

Microscopic  examination.  The  right  kidney  cortex  and  medulla 
show  no  evidence  of  any  acute  inflammatory  infiltration.  There  are 
few  collections  of  mononuclear  cells  in  the  cortex.  The  pelvis  is  empty 
and  there  is  no  apparent  infiltration  of  the  wall  of  the  pelvis.  The 
left  kidney  also  shows  an  area  of  lymphoid  infiltration  in  the  cortex. 
The  medulla  is  negative.  There  is  a  purulent  exudate  in  the  pelvis 
but  practically  no  infiltration  of  the  pelvic  mucosa.  The  ureters  show 
nothing  abnormal. 
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ORAL  INFECTIONS 

As  a  control,  we  fed  9  animals  with  the  strain  of  Bacillus  coli 
communior  which  we  employed  in  these  experiments.  Most  of 
the  animals  received  8  cc.  of  the  culture  on  three  occasions  A 
number  of  the  animals  showed  a  marked  degree  of  diarrhea  but 
in  no  instance  did  any  infection  develop  in  the  urinary  tract. 
In  one  instance  in  which  the  autopsy  was  done  some  hours  after 
death,  a  colon  bacillus  was  isolated  from  the  kidney  and  blad- 
der. In  two  other  cases  in  which  the  autopsy  was  done  shortly 
after  death,  the  Bacillus  coU  was  obtained  from  the  bladder 
urine.  Eight  of  the  nine  animals  apparently  died  from  the  re- 
sults of  the  feeding  but  the  urinary  tract  was  free  from  any 
involvement. 

R17.56 

March  29.  Urine  contains  a  few  epithelial  cells;  no  albumin  and 
acid  reaction.  Fed  5  cc.  forty-eight  hour  broth  culture  from  the  pelvis 
of  the  left  kidney  and  bladder  of  R17.42. 

March  30  and  March  31 .     Urine :  Microscopic  examination  is  negative. 

March  31,     Fed  8  cc.  forty-eight  hour  broth  of  R17.42. 

April  2.  Urine  shows  a  large  number  of  granular  casts,  about  20 
to  30.     No  pus  cells. 

April  3.     Dragging  left  hind  leg  and  so  sacrificed. 

Autopsy.  The  bladder  is  markedly  distended  with  urine  containing 
a  large  number  of  casts  but  no  pus  cells.  The  other  organs  are  entirely 
negative.  In  the  muscles  of  the  right  thigh  are  numerous  and  exten- 
sive hemorrhages.  Cultures  of  the  muscle,  the  bladder  mine  and  the 
pelves  of  the  right  and  the  left  kidneys  are  negative. 

Microscopic  examination.  The  cortex  of  both  kidneys  shows  nothing 
abnormal.  The  medulla  contains  numerous  epithelial  casts  in  the 
collecting  tubules.  The  pelves  are  empty  and  the  pelvic  hning  shows 
nothing  abnormal. 

R17.79 

April  9.  Urine:  Microscopic  examination  negative;  albumin  absent 
acid  reaction. 

April  10.  Injected  the  rectum  with  8  cc.  of  a  twenty-fom-  hour  broth 
culture  of  organisms  from  R17.64. 


418  H.    F.    HELMHOLZ   AND    CAROL   BEELER 

April  13.     Urine:  Examination  is  negative. 

April  16.    Urine  loaded  with  casts  and  20  to  30  pus  cells.  ^ 

April  19.    Urine  shows  20  granular  casts  but  no  pus  cells. 

April  23.    Urine :  Microscopic  examination  is  negative. 

April  26.     Urine  shows  30  to  40  casts  and  10  to  15  pus  cells. 

April  28.    Urine:  Microscopic  examination  is  negative. 

April  30.    Found  dead. 

Autopsy.  Upon  opening  the  peritoneal  cavity  the  bladder  is  dis- 
tended with  urine  which  contains  no  pus  cells  or  casts.  The  kidneys 
and  ureters  are  negative.    The  other  organs  appear  entirely  normal. 

Microscopic  examination.  The  cortex,  medulla  and  pelvis  of  both 
kidneys  are  entirely  normal. 

RECTAL  INJECTIONS 

In  order  to  determine  the  effect  of  rectal  injection  of  this 
same  organism,  we  injected  4  animals  with  8  cc.  of  broth  cul- 
ture. Several  of  the  animals  showed  considerable  congestion  of 
the  lower  portion  of  the  intestinal  canal.  The  kidney  and  blad- 
der findings  were  entirely  negative  however.  All  4  of  these 
animals  died,  apparently  as  a  result  of  the  injections. 

SUMMARY     ' 

Pyelitis  has  been  experimentally  produced  in  the  rabbit  by 
the  intravenous  injection  and  by  the  intravesical  injection  of: 

Bacillus  coli  communior  isolated  from  spontaneous  pyelitis  in 
the  rabbit. 

Pyelitis  was  produced  in  17  of  31  rabbits  injected  into  the 
ear  vein.  Ten  per  cent  of  the  rabbits  had  also  abscesses  in  the 
kidney.     Three  rabbits  had  abscesses  without  a  pyelitis. 

Pyelitis  was  produced  in  10  out  of  15  rabbits  by  intravesical 
injection.  In  only  one  instance  were  there  abscesses  in  the 
kidney. 


EXPERIMENTAL   PYELITIS   IN  THE  RABBIT 


419 


REFERENCES 


(1)  Hess:  Miteil.  der  Grenz.  f.  Med.  Chir.,  1915,  xxvi,  155. 

(2)  Cabot  and  Crabtree:  Etiology  and  pathology  of  non-tuberculous  renal 

infections.    Surg.  Gjti.  and  Obst.,  1916,  xviii,  495. 

(3)  EiSENDRATH  AND  ScHULTZ :  The  path  of  involvement  in  ascending  infection 

of  the  urinary  tract.     Jour.  Med.  Research,  1917,  xxxv,  337. 

(4)  Helmholz,  H.  F.,  and  Beeler,  Carol:  Focal  lesions  produced  in  the  rabbit 

by  colon  bacilli  isolated  from  pyelocystitis  cases.    Am.  Jour.  Dis. 
Child.,  July,  1917. 


W' 


BEAN-SHAPED  DOUBLE  KIDNEY— A  RARE   TYPE  OF 
DYSTOPIA  AND  FUSION 

AUGUSTUS   R.   FELTY 

From  the  Anatomical  Laboraiory,   Johns  Hopkins  Medical  School,   Baltimore, 

Maryland 

Congenital  malformations  and  ectopias  of  the  kidney  have  so 
long  held  the  attention  and  interest  of  the  anatomist  and  clin- 
ician that  a  very  extensive  Hterature  of  these  anomaUes  has 
been  collected.  The  horseshoe  kidney  (Ren  unguliformis)  has 
been  described  by  many  early  observers  and  is  the  commonest 
fusion  product  of  the  kidneys,  ha^dng  been  found  to  occur  in 
one  out  of  every  715  autopsies  in  a  series  of  51,500  protocols 
(Botez).  The  sigmoid  kidney  (Ren  sigmoideus)  first  described 
by  Broesike  in  1884  has  since  been  reported  many  times,  the 
case  of  Wintemitz  being  an  excellent  example  of  this  type.  In 
addition  to  these  there  is  a  large  class  of  anomahes  produced  by 
the  more  or  less  complete  fusion  of  the  two  organs  with  the  for- 
mation of  limip  kidneys  (Ren  informis)  and  shield  kidneys  (Ren 
scutaneus),  of  many  bizarre  forms  and  atypical  vascularizations, 
no  two  of  which  are  identical.  In  contrast  to  these  irregularly 
formed  kidney  masses,  there  is  a  type  of  ectopic  fused  kidney 
which  possesses  all  the  symmetry  of  the  single  organ,  save  that 
it  has  two  sets  of  excretory  ducts  and  functions  as  two  distinct 
kidneys.  That  this  type  of  dystopia  is  very  rare  is  certain,  and 
in  spite  of  a  fairly  comprehensive  review  of  the  literature,  we 
have  been  able  to  find  but  one  definite  case  thus  far  reported 
(Huntington).  We  are  prompted  therefore  to  describe  another 
such  case,  striking  in  its  similarity  to  the  one  just  referred  to, 
as  an  interesting  study  in  fetal  mal-development. 

The  kidney  was  found  in  the  body  of  a  negro  aged  forty-two 
years,  the  cause  of  whose  death  was  chronic  diffuse  nephritis 
with    cardiac    decompensation.     The   blood   Wassermann   was 
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positive.  Except  for  a  greatly  dilated  heart  and  left  fibrous 
orchitis,  there  were  no  gross  structural  abnormalities  other  than 
those  grouped  about  the  kidney  mass  itself.  Examination  of 
the  retroperitoneal  contents  revealed  what  seemed  to  be  a 
single  large  kidney  very  slightly  lobulated  lying  in  its  fossa  on 
the  right  of  the  vertebral  column  and  projecting  prominently 
into  the  abdominal  cavity.  There  was  no  rudiment  of  renal 
tissue  anywhere  else  in  the  abdomen.  The  long  axis  of  the 
organ  had  a  normal  relation  to  neighboring  structures.  With 
the  body  in  the  decubitus  position,  the  organ  extended  from 
the  11th  thoracic  vertebra  to  a  point  1.5  cm.  above  the  iliac 
crest,  a  length  of  15  cm.  The  maximum  width  was  9  cm.  The 
pylorus  lay  approximately  at  the  hilum  with  the  duodenum 
covering  the  medial  border  of  the  lower  pole.  The  cavity  on 
the  left  usually  occupied  by  that  kidney  contained  the  splenic 
flexure  of  the  transverse  colon,  as  well  as  the  sigmoid,  which 
was  not  pelvic  in  position.  The  sigmoid  mesocolon  was  un- 
usually long  and  originated  from  a  point  in  the  abdomen  much 
higher  than  normal.  The  right  suprarenal  capped  the  upper 
pole  of  the  kidney  with  its  usual  position  and  shape.  The  left 
suprarenal  occupied  a  somewhat  lower  position  on  the  opposite 
side.  It  was  curiously  flattened  dorso-ventrally  and  lay  be- 
neath the  pancreas  and  adjacent  lymph-nodes.  While  the 
marked  symmetry  of  the  kidney  mass  led  promptly  to  the  con- 
clusion that  this  was  a  congenital  single  kidney — a  condition 
not  extremely  rare  in  the  literature — examination  of  its  ureteral 
connections  showed  that  it  belonged  to  an  entirely  different 
group  of  anomalies.  The  kidney  drawn  in  situ  is  seen  to  have 
two  ureters  emerging  from  a  single  large  hilum,  the  upper  of 
which  passes  almost  vertically  downward,  crossing  the  right  iliac 
vessels  on  its  course  into  the  pelvis.  The  other  ureter  emerges 
from  the  lower  part  of  the  hilum,  passes  obliquely  beneath  the 
other  duct,  crosses  the  right  iliac  artery  4  cm.  below  its  bifurca- 
tion and  the  iliac  vein  1  cm.  below  its  junction,  and  thence  across 
the  vertebral  column  into  the  bladder.  The  latter  presented  a 
normal  trigone  with  the  upper  and  lower  ureters  entering  at  the 
right  and  left  orifices  respectively.     The  seminal  vesicles  and 
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vasa  deferentia  were  normal.  The  kidney  from  these  facts  is 
obviously  a  congenitally  fused  double  organ  but  is  characterized 
by  the  cyamoid  or  bean-like  shape  which  belongs  to  the  normal 
kidney.  To  follow  the  nomenclature  in  use,  it  might  thus  be 
termed  Ren  cyamoideus  duplex — or  bean-shaped  double  kidney. 

Associated  with  this  is  another  anomaly  involving  the  blood 
vascular  system.  As  depicted,  there  is  a  redupUcation  of  the 
postrenal  segment  of  the  inferior  vena  cava.  The  large  iliac 
venous  trunks  anastomose  by  a  very  wide,  short  channel  4  cm.  in 
diameter  at  a  point  opposite  the  iliac  crest  and  immediately 
thereupon  separate  into  two  large  vessels  which  loop  the  abdom- 
inal aorta  in  their  ascent  and  reimite  ventral  to  that  artery 
and  to  its  right,  approximately  1  cm.  below  the  caudate  lobe  of 
the  liver.  It  passes  on  through  its  notch  in  the  liver  to  the  heart 
as  a  single  large  vessel.  These  two  postrenal  segments  of  the 
vena  cava  are  practically  equal  in  section.  The  right  segment 
occupies  the  position  of  the  normal  postcaval  vein.  The  left  is 
slightly  longer  and  crosses  the  aorta  obliquely  between  the  two 
mesenteric  arteries  before  its  junction  with  its  mate  on  the 
right.  The  inside  length  of  the  elhpse  thus  formed  is  7.5  cm. 
The  renal  veins  are  three  in  number,  two  of  which  make  their 
exit  from  the  hUum  and  join  the  vena  cava  at  its  upper  anasto- 
mosis. The  third  is  a  small  aberrant  vessel  which  leaves  the  renal 
parenchyma  directly  and  with  a  slight  descent  joins  the  caval 
trunk  at  the  lower  anastomosis.  The  reduphcation  of  the  vena 
cava  and  the  absence  of  a  kidney  to  the  left  of  the  body  axis 
necessarily  changes  the  relations  of  the  testicular  veins.  On  the 
right  this  vein  breaks  up  into  two  vessels  just  below  the  iliac 
crest,  one  of  which  enters  the  middle  renal  vein  and  the  other 
the  right  postcaval  vein  close  to  its  junction  with  the  left.  The 
left  testicular  vein  is  single  and  joins  the  left  caval  segment 
about  halfway  between  the  upper  and  lower  anastomoses. 

Aside  from  the  aberrant  artery  which  enters  the  parenchyma 
with  the  vein  at  the  lower  pole  of  the  kidney,  the  arterial  supply 
is  essentially  normal.  Besides  this  smaller  artery  there  is  a 
main  vessel  which  enters  the  hiliun  and  divides  into  several 
branches  before  entering  the  renal  tissue.  The  spermatic  arteries 
are  given  off  from  the  aorta  in  the  usual  manner. 
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Consideration  of  the  disposition  of  the  pelves  and  the  blood 
vessels  within  the  kidney  seemed  advisable,  and  the  corrosion 
method  being  impossible,  because  of  a  previous  mass  injection, 
dissection  was  attempted.     The  drawing  shows  excellently  the 


F^lvis 

Ant  Branch 
Post.  Branch 


Pelvis 


Fig.  1.    DiAGKAMMATic  Sketch  Showing  Arterial  Blood  Supply,  Renal 
Pelves  and  Ureters 

relation  of  pelves  and  arteries.  Dissection  confirmed  the  im- 
pression that  the  kidney  was  a  unit  mass;  the  large  single  hilum 
opened  into  a  single  sinus  renalis  in  which  the  pelves  bifurcated 
to  their  respective  points  of  distribution.     A  slight  overlapping 
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of  the  adjacent  calyces  of  the  two  pelves  completes  the  fusion 
picture.  Notwithstanding,  the  kidney  clearly  functioned  as  a 
double  organ — the  right  pelvis  serving  the  upper  half  and  the 
left  the  lower  half  of  the  mass.  The  intrarenal  arterial  supply 
follows  essentially  the  normal  plan  of  vascularization  pointed 
out  by  Brodel.  The  main  large  artery  divides  into  anterior  and 
posterior  branches  between  which  lies  the  pelvic  portion  of  the 
ureters.  The  single  aberrant  artery  has  a  purely  local  distribu- 
tion on  the  anterior  aspect  of  the  lower  third  of  the  organ. 

The  permanent  kidney  begins  as  an  outbudding  from  the 
Wolffian  duct  near  its  entrance  into  the  cloaca.  Growing 
cranialward,  this  renal  bud  becomes  intimately  associated  with 
a  mass  of  mesenchyme  wdthin  whose  substance  it  bifurcates 
many  times  forming  the  ureter,  pelvis,  and  collecting  tubules. 
The  mesenchyme  itself  becomes  the  renal  parenchyma  proper. 
The  ureter  and  hilum  of  the  pelvic  kidney  are  ventral  rather  than 
medial  to  the  renal  mass  and  it  is  not  until  its  migration  to  its 
permanent  position  in  the  abdomen  is  completed  that  its  rota- 
tion medialward  takes  place.  This  migration  occurs  between 
the  fifth  and  seventh  weeks  and  marks  the  period  of  renal 
fusion.  As  pointed  out  by  Lewis  and  Papez  and  others,  one 
of  the  chief  factors  in  renal  fusion  is  the  ring  formed  by  the 
umbilical  arteries  (common  ihacs)  at  the  pelvic  rim.  As  the 
kidneys  progress  through  this  constricted  vascular  ring  toward 
the  abdomen  they  are  brought  together,  first  the  upper  poles, 
then  the  bodies  of  the  organs  and  finally  the  lower  poles  as  they 
pass  into  the  abdominal  cavity.  Since  the  kidney  is  larger  as  it 
completes  its  passage  through  the  ring  than  earlier  in  its  ascent, 
fusion  is  most  likely  to  occur  at  this  time  with  the  production 
of  the  typical  horseshoe  kidney.  Again  as  Pohlman  suggests,  if 
one  kidney  is  in  advance  of  the  other  in  its  migration,  fusion 
may  take  place  variously  to  form  the  sigmoid  and  other  types 
of  anomaly.  In  each  case,  due  to  the  asymmetry  of  the  re- 
sulting mass,  medial  rotation  is  arrested  and  the  hilum  remains 
ventrally  placed. 

The  present  case  belongs  apparently  to  this  latter  group.  For 
some  reason  the  right  renal  bud  started  its  migration  earUer  or 
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more  rapidly  than  did  the  left.  When  fusion  took  place,  it  was 
practically  end  to  end  but  with  the  lower  pole  of  the  right  some- 
what overlapping  the  upper  pole  of  the  left.  The  cephalic  kid- 
ney (the  right)  then  took  the  lead  as  is  usually  the  case  (Mc- 
Murrich),  drawing  the  caudal  kidney  to  its  own  side.  It  is 
irrelevant  and  hopeless  to  speculate  on  the  factors  brought  to 
bear  on  this  renal  mass  to  mold  it  from  an  elongated  fused  organ 
into  the  normal  cyamoid  shape.  The  circumstances  were  un- 
usual for  the  elongated  fused  kidney  in  adults  is  not  the  most 
uncommon  anomaly,  whereas  the  present  case  is  almost  unique. 
It  is  obvious,  however,  that  this  must  have  taken  place  before 
it  reached  its  final  position  in  the  abdomen,  otherwise  the  per- 
manent blood  vessels  which  it  receives  at  that  time  would  have 
materially  hindered  any  further  change  of  shape.  Rotation  seems 
to  be  largely  a  matter  of  the  formed  kidney  adjusting  itself  to  a 
pocket  in  the  posterior  abdomen  (Kelly  and  Burnam) .  If  asym- 
metrical, the  kidney  does  not  easily  fit  into  this  renal  pocket  and 
rotation  is  prevented,  the  ureters  remaining  ventral.  While 
this  latter  condition  usually  obtains,  in  this  case  rotation  took 
place;  hence  the  molding  process  was  apparently  completed  be- 
fore the  usual  rotation  period  (fifth  to  eighth  weeks).  In  ro- 
tating from  a  ventral  to  a  mesial  position,  the  right  or  upper 
ureter  is  carried  across  ventral  to  the  left  or  lower  duct  and  pre- 
sents the  relations  seen  in  the  adult. 

Atypical  vascularization  of  the  fused  kidney  is  the  rule.  The 
typical  fused  renal  mass  is  pierced  by  several  arteries  which  are 
given  off  from  the  aorta  or  iliacs  at  points  conveniently  near 
those  portions  directly  supplied.  Even  in  the  normal  kidney  of 
unusual  length  or  with  divided  pelvis,  a  polar  artery  is  often 
found  assisting  the  main  renal  vessel  (Kelly  and  Burnam) . 
Jeidell  explains  this  on  the  ground  that  the  migrating  kidney 
progressively  adopts  new  vascular  relations  by  capillary  anasto- 
moses with  the  vessels  of  the  Wolffian  body  and  aorta  until  its 
ascent  is  completed.  Then  one  of  these  aortic  anastomoses 
(usually  the  twenty-first  aortic  segment)  is  retained  with  atrophy 
of  the  others.  If,  however,  the  ascent  is  not  completed  or  if 
the  organ  is  longer  than  normal,  other  anastomotic  relations  are 
maintained.     The  present  case  is  thus  easily  accounted  for. 
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The  reduplication  of  the  postrenal  vena  cava  warrants  brief 
consideration.  Persistence  of  the  left  postcardinal  segment  is 
not  an  extremely  rare  condition,  Givens  and  others  having  col- 
lected a  nimiber  of  cases  from  the  Mterature.  It  is  significant 
that  almost  all  caval  reduphcations  are  postrenal,  i.e.,  inferior 
to  the  renal  vessels — and  the  study  of  the  fetal  abdominal 
venous  system  offers  explanation  of  this.  The  chief  early  ves- 
sels of  the  trunk  are  the  paired  cardinal  veins  passing  from  the 
Cauda  up  to  the  large  sinuses  near  the  primitive  heart.  With 
the  development  of  these  comes  the  appearance  of  two  parallel 
veins,  medial  to  the  cardinals,  having  vascular  relations  with 
the  Wolffian  bodies  and  likewise  entering  the  great  cardiac  si- 
nuses. Of  these  two  subcardinal  veins,  the  right  greatly  increases 
in  size  to  form  the  unpaired  prerenal  caval  segment,  and  by  anas- 
tomoses with  the  two  cardinal  veins  divides  the  latter  into  ante- 
rior and  posterior  parts.  While  the  anterior  divisions  develop 
into  the  azygos  vessels,  the  posterior  through  their  anastomoses 
with  the  right  subcardinal  vein,  become  the  lower  segments  of 
the  early  postcaval  system.  The  postcardinal  vessels  then  form 
a  venous  ring  by  a  more  caudal  anastomosis  near  the  pelvic  rim 
(the  junction  of  the  ihacs).  Normally  we  should  see  in  the  last 
stage  the  right  postcardinal  segment  much  increased  in  size 
as  the  postrenal  vena  cava,  the  left  remaining  as  the  slender 
spermatic  vein,  except  •  at  its  proximal  anastomosis  where  it 
becomes  the  permanent  vein  of  the  left  kidney.  In  the  present 
case,  however,  this  final  stage  in  development  is  not  attained 
and  instead  the  caudal  anastomosis  remains;  the  left  postcar- 
dinal segment  assumes  a  size  and  function  equal  to  its  mate, 
receiving  rather  than  becoming  the  left  spermatic  vein,  which 
like  the  right  spermatic  is  formed  from  one  of  the  early  venous 
channels  between  the  gonad  and  the  postcardinal  vessels. 

The  case  reported  by  Professor  Huntington  has  a  remarkable 
similaritj^  to  the  present  case  not  only  in  respect  to  the  kidney 
itself  but  also  because  of  the  postcardinal  reduphcation.  In 
Huntington's  case,  the  presacral  anastomotic  branch  between 
the  two  caval  vessels  is  a  relatively  long  vein  of  smaller  caliber 
than  the  vessels  it  unites.     This  fact  suggested  the  probability 
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that  the  persistence  of  the  two  postcardinals  was  due  to  the 
inadequacy  of  this  anastomotic  vessel  in  conducting  blood  from 
the  lower  limb  to  the  vena  cava;  hence  each  cardinal  vein  was 
indispensable  in  receiving  blood  from  the  limb  on  its  own  side. 
In  the  case  at  hand,  however,  the  very  wide  and  short  anasto- 
mosis obviously  excludes  such  an  explanation.  A  difference  be- 
tween the  two  lies  also  in  the  ureteral  relations;  for  while  in 
Huntington's  case,  the  right  ureter  does  not  cross  the  other  in 
its  descent,  it  occupies  an  unusual  position  dorsal  to  the  right 
caval  segment  and  iliac  vein.  These  differences,  however  small 
in  the  gross,  would,  according  to  Huntington's  analysis,  indi- 
cate distinctly  different  lines  of  development.  Hence  the  ap- 
parent similarity  of  the  adult  structures  is  probably  a  remarkable 
coincidence  in  which  varying  factors,  brought  to  bear  variously 
in  the  two  cases,  have  produced  but  slightly  different  end-results. 

While  the  clinical  history  of  the  present  case  was  one  of  chronic 
diffuse  nephritis,  review  of  those  cases  of  anomalous  kidneys  in 
which  the  cause  of  death  was  reported  offers  no  evidence  of  a 
nephritic  diathesis  due  to  the  congenital  condition,  unless  of 
course  the  abnormality  be  of  the  nature  of  a  polycystic  kidney. 
A  series  of  124  renal  anomalies  of  all  types  collected  by  Borland, 
in  64  of  which  the  cause  of  death  was  stated,  showed  but  one 
frank  case  of  chronic  nephritis  occurring  in  a  fused  kidney  (Poyn- 
der).  In  the  other  cases  where  death  followed  uremia,  single 
or  rudimentary  organs  were  generally  found. 

While  there  seems  to  be  no  special  predisposition  to  chronic 
renal  disease  among  individuals  with  congenitally  fused  kidneys, 
hydronephrosis  and  similar  surgical  conditions  are  much  more 
common  in  mal-developed  than  in  normal  kidneys.  Girard 
found  among  44  cases  of  renal  ectopia  21  cases  of  hydronephrosis 
and  Papin  and  Christian,  Eisendrath,  Braasch,  Young  and  Davis 
and  others  have  made  similar  observations.  The  obstruction 
responsible  for  these  lesions  is  caused  sometimes  by  anomalous 
arteries  pressing  upon  the  ureter  (Guiteras)  or  by  ureteral  kinks, 
conditions  often  attending  renal  ectopia.  With  this  there  has 
been  the  added  danger  of  possible  non-recognition  of  the  fused 
nature  of  the  renal  mass  at  operation,  as  in  Dennis's  case,  in 
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which  pan-nephrectomy  was  done.  With  the  advent  of  pyelog- 
raphy, however,  both  congenital  renal  anomalies  and  the  surgical 
conditions  attending  them  are  now  readily  recognized. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  W.  P.  Didusch, 
artist  to  the  Brady  Urological  Clinic,  for  his  courtesy  in  making 
the  excellent  illustrations. 
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PLATE  1 

Plate  showing  kidney  in   situ  and  relationship  to  surrounding  structures. 
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CHART  FOR  RECORDING  CYSTOSCOPIC 
EXAMINATIONS 

FRANK  HINMAN 

San  Francisco,  California 

The  aid  of  the  cystoscope  is  not  needed  for  the  rough  diagnosis 
of  prostatic  enlargement  or  malignancy  and  many  surgeons 
counsel  against  its  use  in  those  cases  in  which  the  diagnosis  is 
reasonably  sure  but  there  is  no  question  of  its  advantages  when 
used  with  care  and  discretion.  It  forms  the  basis  of  an  accu- 
rate differential  diagnosis  of  conditions  other  than  prostatism, 
as  well  as  the  types  of  prostatism  itself.  It  recognizes  vesical 
complications.  It  gives  a  better  selection  of  cases  for  supra- 
pubic or  perineal  attack.  It  insures  operative  thoroughness. 
Text  books  of  urology  and  monographs  of  cystoscopy  unani- 
mously advocate  the  use  of  the  cystoscope  in  cases  of  known  or 
suspected  hypertrophy,  but  they  uniformly  fail  to  outline  any 
one  of  the  very  few  methods  which  have  been  proposed  for 
charting  such  an  examination. 

A  record  in  writing  of  the  cystoscopic  picture  has  disadvan- 
tages. It  takes  time  and  effort.  It  is  not  conducted  in  a  system- 
atic way  and  therefore  is  open  to  incompleteness  and  inac- 
curacy. Hurry  Fenwick,  as  early  as  1889,  advocated  modelling 
in  wax  the  memory  picture  of  the  vesical  neck  after  cystoscopy 
so  as  to  have  a  permanent  record.  Hugh  Hampton  Young,  in 
1903,  proposed  a  chart  of  eight  cystoscopic  fields  arranged  in  a 
circle  by  which  the  circumference  of  the  vesical  neck  could  be 
outhned.  The  necessity  of  additional  views  to  ob\'iate  making 
two  or  three  diagrams  of  the  one  case  soon  became  apparent  and 
in  1904,  the  method  was  elaborated  by  him  to  its  present  com- 
plete and  accurate  form^  (fig.  1).     Cunningham,  in  1905,  devised  a 

^  It  is  recognized  that  the  chart  proposed  below  is  nothing  more  than  an  adap- 
tation of  the  principles  so  clearly  presented  by  Young. 
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diagram  (fig.  2)  for  the  purpose  of  charting  both  the  shape  of  the 
vesical  orifice  and  the  length  and  distortion  of  the  prostatic 
urethra.  From  these  facts  he  modelled  in  wax  the  actual  size 
and  shape  of  the  prostate. 

The  interpretation  of  the  changes  produced  at  the  vesical 
orifice  by  hypertrophy  is  not  simple.  It  depends  upon  an  exact 
determination  of  the  number,  depth  and  relative  position  of 
grooves  or  sulci  and  of  the  size  and  shape  of  the  lobes  forming 
them.  The  relation  of  lobe  surfaces  and  sulci  to  the  trigone  and 
ureteral  orifices  is  of  value.     Only  a  small  portion  of  the  vesical 


Fig.  1.  Young's  Chart.    Middle  Lobe  Hypertrophy 

Shaft  of  the  instrument  in  the  sulcus  to  the  right  of  the  median  lobe  (compare 
fig.  7). 

orifice  was  visible  at  one  time  but  by  rotating  the  instrument  the 
whole  circumference  may  be  examined  and  a  composite  picture 
of  it  completed.  The  views  are  seen  at  right  angles  and  the 
instrument  pushed  in  or  pulled  out  as  necessary  to  keep  the 
prostatic  and  vesical  margin  in  half  of  the  field  with  neighbor- 
ing bladder  wall  in  the  other  half.  Interpretations  of  such^^a 
composite  picture  have  been  found  to  be  more  accurate  and 
practical  than  either  retrograde  cystoscopy  by  means  of  special 
instruments  which  look  back  along  their  own  shafts,  (Young, 
Nitze,  Schlagintweit)  or  examinations  through  suprapubic  tro- 
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cars  which  carry  lenses  through  the  Space  of  Retzius  into  the 
bladder  (Kraske,  Fenwick). 

Ttv'o  factors  in  particular  render  complex  and  confusing  the 
seemingly  simple  procedure  of  cystoscopic  interpretation.  Con- 
fusion in  the  interpretation  of  the  size  of  the  intravesical  lobes 
is  a  common  error.  This  is  due  to  the  fact  that  the  relative  size 
of  the  image  in  any  cystoscopic  field  will  vary  with  the  distance 


Fig.  2.  Cunningham's  Chart.    Middle  Lobe  Hypertbophy 


of  the  lens  from  the  object.  The  orifice  of  a  ureter  through  an 
instrument  held  in  close  proximity  appears  crater-like  and  the 
distorted  ureteral  papilla  may  completely  fill  the  field.  If  the 
lens  is  elevated  the  ureteral  outline  becomes  smaller  and  more 
distinct.  With  increase  in  focal  distance  detail  diminishes  and 
the  ridge  and  paJDilla  appear  flattened  out  on  a  level  with  the 
bladder  wall  while  the  orifice  diminishes  in  size  to  a  mere  pin 
point  and  the  cystoscopic  field  enlarges  sufficiently  to  image 
both  orifices  and  the  whole  interureteric  ridge  (fig.  3). 
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The  cystoscope,  when  inserted  into  a  bladder  with  intravesical 
hypertrophy,  may  take  one  of  three  positions  with  respect  to 
any  particular  lobe.  It  may  slip  into  a  sulcus  to  one  or  the 
other  side  of  the  lobe,  or  it  may  slide  in  on  top  of-  the  lobe.  In 
middle  lobe  hypertrophy  the  diagnosis  is  simple  if  the  shaft 
overrides  the  lobe  and  remains  upon  the  summit  of  the  lobe 
when  the  instrument  is  rotated  to  obtain  the  different  views. 
But  if  the  shaft  takes  up  a  position  in  the  right  sulcus  and  re- 
mains in  this  position  throughout  the  examination,  the  left 
ureter  and  left  vesical  margin  would  not  be  seen  on  account  of 
the  middle  lobe  being  in  the  way.     Analagous  possibilities  of 


Fig.  3.  Diagbammatic  Representation  of  Differences  in  Size  of  Ureteral 
Orifice  in  Near,  Mid  and  Far  Positions  of  the  Cystoscope 

error  will  hold  for  anterior  lobe  hypertrophy  or  for  either  lateral 
lobe,  and  in  the  combination  hypertrophies  unintelligible  con- 
fusion may  arise  unless  the  position  of  the  cystoscope  is  controlled 
hy  manipulation. 

The  following  chart  and  the  method  proposed  for  its  use  will 
correct  the  errors  of  interpretation  from  the  above  two  factors 
by  insuring  a  systematic  manipulation  of  the  cystoscope.  Three 
main  positions  (fig.  4)  near,  mid  and  far,  for  each  octant  of  the 
vesical  orifice  are  sufficient.  The  complete  chart  (fig.  5)  makes 
possible  the  recording  of  32  different  views  of  the  vesical  orifice. 
The  inner  circle  of  eight  cystoscopic  fields  represents  the  views 
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HoTi>|OTital  position 


Fig.  4.  Illustratiox  op  the  Range  of  Manipulatiox  of  the  Ctstoscope 
IN  THE  Posterior  Position 
Similar  range  of  movement  is  possible  for  each  octant;  anterior  R.  and  L. 
anterior,  and  posterior  oblique,  and  R.  and  L.  lateral. 
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of  the  vesical  orifice  with  the  instrument  in  the  near  position  for 
each  octant,  the  middle  circle  with  connecting  lines  is  for  chart- 
ing the  eight  fields  with  the  instrument  held  horizontally  and 
the  outer  circle  represents  each  octant  with  the  cystoscope  held 
with  its  lens  in  the  far  position  respectively.     The   posterior 


Pig.  5.  Chart  for  Recording  a  Cystoscopic  Study  of  the  Vesical  Orifice 

AND  Bladder 

The  three  circles  of  each  radius  represent  the  views  of  that  particular  portion 
of  the  circumference  with  the  instrument  held  in  the  near,  mid  and  far  positions. 
A,  anterior;  P,  posterior;  L.  L.,  left  lateral;  R.  L.,  right  lateral;  R.  A.  0.  and 
L.  A.  0.,  the  right  and  left  anterior  oblique  and  R.  P.  0.  and  L.  P.  0.,  the  right 
and  left  posterior  oblique  octants.  The  dotted  circles  serve  the  double  purpose 
of  recording  additional  views  of  the  prostatic  orifice  that  are  obtained  upon 
manipulation,  and  of  indicating  accurately  the  location  in  the  bladder  of  objects, 
such  as  stone,  tumor  or  diverticulum. 

margin  is  first  examined  through  the  changes  in  position  of  the 
shaft  (fig.  4)  near,  mid  and  far  which  is  inserted  or  retracted 
as  necessary  to  keep  the  vesical  margin  in  the  field,  and  the 
maneuver  repeated  as  often  as  desired  in  order  to  get  a  clear 
idea  of  the  changes  of  the  visual  fields  with  changes  of  position. 
The  instrument  is  then  rotated  45  degrees  and  the  near,  mid 
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Fig.  6.  Division  of  the  Bladder  into  Three  Zones 

1,  Lower  (cervical)  zone;  2,  middle  (equatorial)  zone;  3,  upper  (fundal)  zone. 
Each  zone  is  divided  into  eight  meridianal  segments,  corresponding  to  the  oc- 
tants of  the  vesical  orifice.  The  position  of  an  object  in  any  part  of  the  bladder 
is  indicated  by  being  drawn  in  a  plain  or  dotted  circle  (connected  by  line  to 
proper  plain  circle)  which  corresponds  to  the  position  of  the  cystoscope,  and  the 
zone  in  which  it  lies  indicated  by  the  numbers  1,  (cervical),  2  (equatorial),  3 
(fundal). 


Fig.  7.  Chart  of  Median  Lobe  Hypertrophy 

The  shaft  of  cystoscope  lies  by  choice  in  right  sulcus.  L'pon  depression  of 
the  beak  in  the  posterior  octant  a  notch  is  seen  as  the  shaft  falls  into  this  sulcus. 
By  manipulation  it  can  be  made  to  override  the  lobe  and  view  in  P'  is  obtained. 
In  the  near  view  of  the  left  posterior  oblique  position  the  middle  lobe  tends  to 
get  in  the  way  but  the  shaft  can  be  manipulated  into  the  left  sulcus  giving  pic- 
ture in  L.  P.  O.  In  the  anterior  octant,  far  position,  the  middle  lobe  rises  by 
the  side  of  the  shaft  giving  the  appearance  of  a  notch,  A,  but  manipulation  keeps 
the  middle  lobe  beneath  the  shaft  and  view  A'  shows  no  notch  and  therefore  no 
bilateral  lobe  hypertrophy.  In  the  left  lateral,  far  position,  the  middle  lobe 
tends  to  obscure  the  true  vesical  margin. 
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and  far  positions  charted  for  the  posterior  obhque  octant,  and 
so  on,  until  the  whole  vesical  margin  has  been  examined  through 
the  manipulated  changes  of  position  for  each  octant. 

The  accessory  fields  on  the  chart  (in  dotted  lines)  serve  a 
double  purpose.  When  the  shaft  of  the  cystoscope  takes  a  dif- 
ferent course  relative  to  an  intravesical  lobe  upon  repetition  of  a 
certain  movement  a  quite  dissimilar  view  for  the  same  octant 


Fig.  8.  Photograph  of  a  Small  Medium  and  Bilateral  Lobe   Prostatic 
Hypertrophy  (Autopsy  Specimen) 

Death  due  to  cardiac  and  pulmonary  complications.     The  urinary  symptoms 
were  negligible.     There  was  no  urinary  residual. 

and  position  will  be  obtained.  An  effort  to  demonstrate  this 
difference  should  be  made  by  manipulation.  When  demon- 
strated it  can  be  readily  charted  in  a  dotted  circle  and  the  rela- 
tionship indicated  by  a  line  from  this  circle  to  the  corresponding 
octant  and  position.  For  example,  in  the  case  of  a  middle 
lobe  hypertrophy,  if  the  shaft  of  the  instrument  should  fall  by 
choice  into  the  left  sulcus  of  the  lobe,  in  examining  the  anterior 
margin,  this  lobe  may  appear  in  the  right  side  of  the  field  and 
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give  the  impression  of  a  pronounced  anterior  sulcus  which  would 
indicate  bilateral  hypertrophy.  By  manipulation  the  shaft  can 
be  made  to  remain  upon  the  summit  of  the  lobe  or  to  fall  into 
the  right  sulcus,  either  of  which  positions  will  quickly  demon- 
strate the  true  condition.  The  dotted  circles  enable  one  to 
make  an  accurate  record. 

The  manipulated  changes  of  position  can  be  very  quickly 
executed,  and  where  no  change  of  view  occurs,  only  one  picture 


Fig.  9.  Cystoscopic  Chart  Made  Seven  Weeks  Before  Death  of  the  Case 
With  Photograph  Shown  in  Figure  8 

The  ureteral  orifices  are  seen  in  the  horizontal  position  but  not  in  the  near  or 
far.  (In  a  normal  bladder,  without  hypertrophy,  they  would  be  seen  in  the 
middle  and  far  but  not  in  the  near.  In  a  larger  hypertrophy  they  might  be 
seen  in  the  near  but  not  in  the  horizontal  and  far.  In  a  still  larger  hypertrophy, 
figure  11,  they  are  not  seen  in  any  position).  The  shaft  of  the  instrument  takes 
a  position  upon  the  summit  of  the  middle  lobe  and  does  not  tend  to  lie  in  either 
sulcus,  and  there  is  no  change  of  view  by  manipulation.  These  findings  indi- 
cate a  small  sized  hypertrophy. 

of  the  octant  need  be  charted.  For  convenience  of  routine  this 
one  picture  is  charted  in  the  middle  group  of  circles,  with  the 
connecting  lines,  for  which  the  instrument  is  held  horizontally. 
The  second  purpose  of  the  8  dotted  fields  is  to  serve  for  chart- 
ing conditions  of  the  bladder  itself.  If  the  bladder  be  arbi- 
trarily divided  into  3  zones,  figure  6,  and  each  zone  subdivided 
into  meridianal  segments  of  45  degrees,  which  correspond  to  the 
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octants  of  the  vesical  neck,  there  will  be  24  meridianal  segments, 
8  each  for  the  3  zones.  The  cervical,  equatorial  and  fundal 
zones  correspond  to  the  near,  mid  and  far  positions  respectively 
of  the  diagram,  and  the  8  meridianal  segments  of  each  zone  are  a 
continuation  of  their  respective  octant  at  the  vesical  neck. 
An  object  can  be  diagrammed  therefore  in   that   circle   corre- 


FiG.  10.  Photograph  of  a  Large  Middle  and  Bilateral  Lobe  Hypertrophy 

(Autopsy  Specimen) 

Death  due  to  pneumonia,  bilateral  pyelonephritis,  ureteritis  and  cystitis. 
An  early  cystostomy  for  drainage  was  done  without  benefit.  B,  right  lateral 
lobe ;  M,  pedunculated  middle  lobe ;  C,  both  ureters  with  the  interureteric  ridge 
lie  deeply  behind  the  middle  lobe;  D,  position  in  the  left  sulcus  which  the  instru- 
ment tends  to  take  because  of  the  larger  right  lateral  lobe. 


sponding  to  the  position  in  which  the  cystoscope  is  held  at  the 
time  or,  if  the  prostatic  views  are  to  be  charted  also,  the  object 
is  drawn  in  an  adjoining  accessory  circle  and  its  position  and 
relationship  accurately  indicated  by  connecting  this  circle  to  the 
proper  octant  and  position.  To  thoroughly  inspect  an  object 
in  the  bladder  it  is  necessary,  of  course,  to  insert  the  instrument 
beyond  the  vesical  neck  and  to  view  it  from  many  different 
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Fig.  11.  Cystoscopic  Chart  of  the  Case  With  Photograph  Shown  in 

Figure  10 

Neither  of  the  ureteral  orifices  nor  the  trigone  could  be  seen  upon  manipula- 
tion of  the  cystoscope.  The  shaft  of  the  instrument  falls  in  the  right  sulcus 
only  when  depressed  as  the  left  lateral  lobe  is  smaller  than  the  right.  The  mid- 
dle lobe  is  seen  in  positions  A  and  L  and  is  also  partly  fused  with  the  median. 
These  findings  indicate  a  large  hypertrophy. 


Fig.  12.  Chart  of  Case,  P.  C.  836 

With  large  diverticulum  of  the  bladder  the  orifice  of  which  lies  about  1.5  cm. 
above  the  left  ureteral  orifice  and  measures  about  6  by  8  mm.  in  size.  The  draw- 
ings in  dotted  circles  show  general  shape  and  changes  in  size  for  the  near  and 
horizontal  positions  in  the  right  posterior  oblique  octant.  The  number  J?  indi- 
cates its  location  in  the  median  zone  of  the  bladder. 
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angles.  The  accessory  circles  when  used  for  the  purpose  of 
charting  objects  in  the  bladder  indicate  the  exact  position  of  the 
cystocsope  from  which  it  is  drawn  with  respect  to  rotation  and 
to  elevation  or  depression.  From  this  is  easily  interpreted  the 
location  of  the  object  in  one  or  more  of  the  eight  meridianal  seg- 
ments and  its  size  from  variations  seen  in  the  mid,  near  or  far 
position  of  the  lens.  The  particular  zone  in  which  the  object 
Ues  is  quickly  recorded  by  placing  the  number  1,  2  or  3  beside 
the  plain  or  dotted  circle  to  indicate  the  cervical,  equatorial  or 
fundal  zone  respectively.  The  two  purposes  of  the  dotted 
circles  therefore  are  quite  distinct  and  readily  interpreted. 

It  is  believed  that  the  chart  will  insure  systematic  thorough- 
ness in  cystoscopic  examinations  and  will  materially  simplify 
their  interpretation.  It  gives  a  diagrammatic  moving  picture 
film  of  the  vesical  neck  and  bladder.  In  the  accompanying 
diagrams  are  illustrated  a  middle  lobe,  a  small  and  a  large  mid- 
dle and  bilateral  lobe  hjrpertrophy,  and  a  diverticulum  of  the 
bladder. 


M.>4S" 


ABSORPTION  FROM  THE  RENAL  PELVIS  IN  HYDRO- 
NEPHROSIS DUE  TO  PERMANENT  AND  COM- 
PLETE OCCLUSION  OF  THE  URETER 

J.  EDWARD  BURNS  and  ERNEST  O.  SWARTZ 

From   The  James  Buchanan  Brady   Urological  Institute,   The  Johns  Hopkins 
Hospital,  Baltimore,  Maryland 

Under  normal  conditions,  absorption  from  the  renal  pelvis 
does  not  occur  because  of  the  continuous  outflow  of  urine  from 
the  renal  tubules.  If,  however,,  an  acute  inflammatory  process 
be  present,  as  in  acute  pyelitis,  the  mucous  membrane  of  the 
pelvis  becomes  swollen,  reddened  and  edematous  and  absorp- 
tion takes  place,  as  is  evidenced  clinically  by  elevation  of 
temperature  and  chills.  These  clinical  manifestations  may  be 
due  to  the  absorption  of  urine  and  bacterial  toxins  through  the 
blood  vessels  or  lymphatics  of  the  renal  pelvic  mucosa  directly, 
or,  as  will  be  shown  later,  the  absorption  of  urine  and  bacterial 
toxins  retained  in  the  uriniferous  tubules  may  take  place.  The 
retention  of  the  urine  and  bacterial  toxins  in  this  instance  is  due 
to  the  probably  complete  occlusion  of  the  collecting  tubules  by 
the  swelling  and  edema  of  the  mucosa  covering  the  papillae. 
This  latter  fact  may  also  account  for  the  numerous  instances  in 
which  pyelo-nephritis  is  concomitant  with  or  follow^s  an  acute 
pyeUtis.  Again  in  acute  pyehtis  the  inflammatorj-^  process  in- 
volves the  pehdc  mucosa  as  a  whole  and  often  even  that  of  the 
upper  portion  of  the  ureter.  The  swelling  of  the  mucous  mem- 
brane of  the  ureter-pelvic  juncture  may  also  be  considered  a 
factor  in  producing  the  back  pressure  so  necessary  for  absorption 
by  the  above  mentioned  path. 

If  the  absorption  occurs  from  the  tubules,  it  is  directly  com- 
parable to  absorption  taking  place  after  complete  ligation  of  the 
ureter.  In  the  latter  instance  the  kidney  continues  to  secrete 
urine  against  increasing  pressure  at  a  normal  or  an  increased  rate 
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for  some  time.    After  complete  ligation  of  the  ureter,  there  is  con- 
gestion of  all  the  renal  vessels,  the  pelvis  becomes  fully  distended 
with  urine,  and  this  is  followed  by  a  marked  increase  in  the  intra- 
tubular  pressure  as  far  as  the  glomeruli.    This  is  strikingly  demon- 
strated by  introducing  a  small  quantity  of  India  ink  (0.3  cc.  or 
more)  into  the  ureter  by  gravity  and  ligating  the  ureter.     If  the 
animal  be  sacrificed  half  an  hour  later  and  the  kidney  sectioned, 
the  particles  of  ink  can  be  found  in  the  collecting  tubules,  the 
distal  convoluted  tubules,  the  ascending  and  descending  limbs 
of  Henle's  loop,  the  proximal  convoluted  tubules,  the  capsule  of 
Bowman,  in  the  spaces  between  the  tufts  of  the  capillaries  of  the 
glomeruli,  and  in  the  capillaries  themselves.     In  none  of  our 
sections  have  we  been  able  to  find  any  red  blood  cells  in  the 
tubules  or  any  evidence  of  ruptured  blood  vessels  through  which 
the  absorption  could  have  taken  place.     The  remaining  renal 
blood  vessels,  although  greatly  engorged,  may  show  little  if  any 
India  ink  in  them.     These  facts  and  findings  seem  to  us  to  de- 
monstrate conclusively  that  a  path  of  absorption  is  by  way  of 
the  tubules  and  through  the  glomeruli  into  the  blood  stream. 
If  the  particles  of  India  ink  in  the  blood  stream  were  due  to  a 
rupture  of  a  tubule  into  the  blood  vessel,  there  would  be  much 
more  ink  in  the  blood  vessel  than  in  the  tubule  but  exactly  the 
reverse  is  true.     Again,  the  pressure  in  the  blood  vessels  is  higher 
than  the  pressure  in  the  tubules  and  this  would  lead  to  the  sup- 
position that  if  any  rupture  were  present,  it  would  be  from  the 
blood  vessels  into  the  tubules,  rather  than  in  the  opposite  di- 
rection.    Therefore  the  particles  of  India,  ink  apparently  travel 
up  the  tubules  and  through  the  endothelial  spaces  into  the  capil- 
laries of  the  glomeruli,  thence  by  the  blood  stream  to  the  opposite 
kidney  and  the  other  organs  of  the  body.     Particles  of  ink  were 
found  in  the  liver,   lungs,   spleen,   pancreas  and  the  opposite 
kidney  in  animals  sacrificed  in  one  half  hour  from  the  time  of 
injection.     In  the  opposite  kidney  particles  of  India  ink  were 
found  in  the  blood  vessels,  in  the  capillaries  of  the  glomeruli, 
in  the  epithelium  of  the  convoluted  tubules  and  in  the  lumina  of 
the  tubules. 
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In  the  kidney  from  which  the  absorption  took  place,  no  parti- 
cles of  India  ink  were  found  in  the  tubular  epithelium,  demon- 
strating that  the  path  of  absorption  is  by  way  of  the  glomerular 
capillaries.  This  rapid  absorption  from  the  renal  pelvis  after 
complete  obstruction  to  the  ureter  was  also  demonstrated  by  the 
use  of  such  soluble  dyes  as  phenolsulphonephthalein  and  indigo 
carmine  and  shows  that  any  substance  retained  in  the  renal  pelvis 
may  be  rapidly  absorbed  and  distributed  throughout  the  body. 

Da\id  (1)  in  a  recent  publication  on  "Ascending  Urinary  In- 
fections" states  that  '^  Evidence  is  presented  to  show  that  as- 
cending bacillus  coli  infections  of  the  upper  urinary  tract  from 
the  bladder  travel  most  frequently  by  the  lumen  of  the  ureter." 
It  seems  probable  that  the  aforementioned  path  of  absorption 
is  in  reaUty  but  a  continuation  of  that  which  is  found  to  be  true  of 
the  ureter.  This  is  clearly  demonstrated  in  fulminating  cases  of 
pyelo-nephritis  where  the  obstruction  is  in  the  lower  urinary  tract. 

Keyes  (2),  in  experimental  studies  of  the  injury  caused  by 
pyelography,  found  that  after  he  had  injected  collargol  into  the 
pelvis  of  one  kidnej%  it  was  found  in  the  tubules,  blood  vessels 
and  glomeruli  of  the  injected  kidney  as  well  as.  in  the  blood 
vessels  and  glomeruU  of  the  opposite  kidney.  He  assumed  that 
the  path  of  absorption  was  by  way  of  the  blood  vessels  and  Kth- 
phatics  of  the  injected  kidney. 

Eisendrath  (3)  made  the  same  observations  with  collargol 
demonstrating  that  collargol  enters  the  blood  stream  by  rupture 
of  the  tubules  into  the  blood  vessels.  In  his  experiments,  how- 
ever, he  injected  the  collargol  under  pressure  and  in  some  in- 
stances in  amounts  exceeding  the  pelvic  capacity.  Therefore, 
from  our  experiments,  it  seems  probable  that  he  forced  collargol 
into  the  renal  parenchyma  and  that  naturally  some  of  the  tu- 
bules did  rupture  into  the  blood  vessels  from  over  distention. 

Macht  (4),  in  his  recent  work  on  absorption  from  the' bladder, 
failed  to  demonstrate  any  absorption  from  the  bladder  which  is 
lined  with  transitional  epitheUum  of  the  same  character  as  that 
lining  the  pehds  of  the  kidney. 

In  the  following  experiments  we  have  attempted  to  demonstrate 
not  only  the  path  but  also  the  rate  of  absorption  by  the  intro- 
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duction  of  a  soluble  dye  as  phenolsulphonephthalein  into  the 
pelvis  of  the  obstructed  kidney  and  estimating  its  hourly  secre- 
tion by  the  unobstructed  kidney. 

Method  of  procedure.  Under  ether  anesthesia,  the  kidney  and 
ureter  are  exposed  through  a  lumbar  incision,  care  being  taken 
in  freeing  the  latter  from  surrounding  tissues  to  avoid  injuring 
the  periureteral  vessels.  The  ureter  is  now  securely  ligated  1.5 
cm.  below  the  uretero-pelvic  junction,  the  needle  introduced 
into  the  ureteral  lumen  and  the  solution  to  be  introduced  into 
the  pelvis  allowed  to  run  in  by  gravity.  Over  distention  of  the 
pelvis  was  prevented  by  never  elevating  the  burette  containing 
the  solution  beyond  6  inches  above  the  body  of  the  animal. 
In  four  instances  in  which  the  solution  was  introduced  by  means 
of  a  syringe,  the  results  were  so  variable  that  it  seems  probable 
that  some  of  the  fluid  was  forced  into  the  renal  parenchyma. 
The  amount  of  solution  introduced  sufficient  to  distend  the  renal 
pelvis  by  the  method  just  outlined  were  of  necessity  subject  to 
considerable  variation  because  of  the  presence  of  variable  amounts 
of  urine  in  the  pelvis,  dependent  upon  the  rate  of  renal  secretion. 
For  this  reason  the  concentration  of  the  solutions  introduced 
varied  considerably.  Following  distention  of  the  pelvis  to  its 
capacity,  the  ligature  previously  placed  proximal  to  the  needle 
was  tied  as  the  needle  was  withdrawn.  The  ureter  was  now 
replaced  in  its  normal  position  and  the  wound  closed  with  silk 
ligatures. 

This  procedure  was  carried  out  on  eighteen  animals  followed 
by  a  second  operation  done  in  five  instances.  The  second  opera- 
tion was  carried  out  on  dogs  1,  5,  6,  12  and  15.  In  these  instances 
the  left  kidney  was  exposed  transperitoneally  through  a  left  rec- 
tus incision.  Large  hydronephroses  with  extensive  venous  col- 
lateral circulation  were  found  in  each  case.  In  none  of  our 
cases  did  atrophy  of  the  kidney  follow  complete  permanent  oc- 
clusion of  the  ureter,  thus  confirming  the  results  of  Barney's 
work  (5)  as  well  as  previous  work  of  Burns  and  Hopkins  (6). 

In  dogs  4,  5,  7,  12  and  15,  subcutaneous  infusions  of  warm 
normal  salt  solution  from  100  to  200  cc.  were  given  with  the 
view  of  increasing  the  urinary  output  and  although  this  pro- 
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cedure  increased  temporarily  the  amount  of  urine  secreted,  it  did 
not  materially  increase  the  output  of  phenolsulphonephthalein. 

The  substances  used  in  this  series  of  experiments  were:  (1) 
Solutions  of  phenolsulphonephthalein  (6  mgm.  to  1  cc);  (2) 
Aqueous  suspensions  of  indigo-carmine,  4  per  cent;  (3)  India  ink. 
'Phenolsulphonephthalein  was  injected  into  the  renal  pelvis  of 
seven  animals,  previously  unoperated,  using  a  s5Minge  in  two  in- 
stances and  the  gravity  method  in  the  remainder.  This  dye  was 
also  injected  by  gra\ity  into  five  hydronephrotic  kidneys  vary- 
ing from  a  few  cubic  centimeters  to  several  hundred  cubic  cen- 
timeters capacity  and  from  twenty-four  days  to  three  and  one- 
half  months  duration. 

The  amount  of  dye  used  in  the  early  hydronephroses  varied 
from  0.3  cc.  to  1  cc.  of  the  standard  solution.  In  the  more  ad- 
vanced forms,  however,  as  much  as  100  cc.  of  standard  solution 
were  introduced  into  the  renal  pelvis.  In  one  instance  a  very 
concentrated  solution  (180  mgm.  in  7  cc.)  was  used  but  the  output 
by  the  other  kidney  was  relatively  the  same.  The  estimations 
of  the  hourly  output  of  the  dye,  as  shown  in  the  curve,  are  made 
solely  upon  the  actual  amount  of  the  dye  employed  in  each  case. 

The  output  of  the  dye  varied  in  pre\'iously  unoperated  dogs 
from  a  mere  trace  in  four  hours,  where  the  gravity  method  was 
used,  to  40  per  cent  in  four  hours  where  the  syringe  was  employed, 
this  large  output  in  the  latter  case  being  due  to  the  forcing  of 
the  dye  into  the  tubules  and  circulation. 

The  average  output  where  the  gravity  method  was  used  in 
dogs  previously  unoperated  seems  to  be  from  a  trace  the  first 
hour,  2  to  3  per  cent  the  second  hour,  3  to  5  per  cent  the  third 
hour,  a  trace  to  5  per  cent  the  fourth  hour,  a  trace  to  5  per  cent 
in  the  fifth  hour  and  as  much  as  20  per  cent  in  the  following 
eighteen  hours.  In  a  few  instances  the  rate  of  secretion  di- 
minished after  the  third  hour  and  the  output  was  greatly  pro- 
longed. The  larger  hydronephroses  showed  approximately  the 
same  output  for  twenty-four  hours  but  the  secretion  was  much 
prolonged,  the  dogs  with  the  larger  hydronephroses  secreting 
phenolsulphonephthalein  long  after  the  less  advanced  case  had 
reached  his  maximum  and  had  ceased  to  secrete  any  of  the  dye. 
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In  experiment  1,  1  cc.  of  standard  solution  of  phenolsulphone- 
phthalein  was  injected  into  the  ureter  with  a  Record  syringe. 
The  animal  was  catheterized  at  the  end  of  an  hour  and  ten  min- 
utes, the  output  of  the  dye  being  10  per  cent  of  the  amount  in- 
jected. During  the  second  hour  16  per  cent  was  obtained 
while  for  the  third  and  fourth  hours  the  percentage  of  secretion 
was  9  and  5  per  cent  respectively,  a  total  of  40  per  cent  in  four 
hours  and  ten  minutes.  Later  experiments  have  proved  that 
the  large  hourly  output  by  this  animal  in  this  experiment  was 
due  to  the  fact  that  the  renal  pelvis  was  overdistended  v,  ith 
solution  by  use  of  the  syringe  and  it  is  most  probable  that  the 
dye  was  forced  into  the  renal  parenchyma  and  the  circulation. 

One  month  later,  this  dog  was  operated  upon  again  (experi- 
ment 6).  The  exposure  was  made  through* an  abdominal  in- 
cision and  a  large  hydronephrosis  with  extensive  collateral 
venous  circulation  found.  Two  cubic  centimeters  of  urine  were 
withdrawn  and  1  cc.  of  phenolsulphonephthalein  injected  into  the 
sac  by  gravity.  The  animal  was  catheterized  at  hourly  inter- 
vals for  five  hours  and  at  the  end  of  eighteen  hours.  To  this 
last  specimen  was  added  the  urine  voided  during  the  interval. 
No  dye  was  present  in  any  of  these  specimens.  The  absence 
of  absorption  and  re-excretion  in  this  instance  was  probably  due 
to  the  fact  that  the  hydronephrotic  sac  was  not  emptied  and  as 
a  result  the  phenolsulphonephthalein  was  so  greatly  diluted  by 
the  retained  urine  that  practically  none  of  it  was  brought  into 
contact  with  the  absorbing  surfaces. 

In  experiment  15,  dog  12,  at  the  first  operation,  the  secretion 
was  less  than  2  per  cent  each  hour  for  five  hours.  The  second 
operation,  fifty  days  later  revealed  a  large  hydronephrosis  from 
which  was  drained  60  cc.  of  infected  urine.  Fifty  cubic  centi- 
meters of  standard  solution  of  phenolsulphonephthalein  were 
then  injected  by  gravity.  The  secretion  of  the  dye  was  as  fol- 
lows, for  the  first  hour  0.6  per  cent,  for  the  second  hour  1  per 
cent,  for  the  third  hour  2  per  cent,  for  the  fourth  hour  1  per 
cent,  and  for  the  fifth  hour  5  per  cent.  This  dog  was  killed  and 
autopsied  thirty  days  later.  It  had  continued  to  secrete  the 
dye  throughout  this  entire  period  and  at  autopsy  the  hydrone- 
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phrotic  sac  contained  60  cc.  of  infected  urine  which  still  con- 
tained appreciable  amounts  of  the  dye.  The  pressure  in  the 
sac  at  autopsy  was  160  mm.  of  water. 

In  experiment  19,  dog  15,  there  was  found  a  large  hydro- 
nephrosis of  one  himdred  and  eight  days  duration.  At  the  oper- 
ation 140  cc.  of  urine  was  withdrawn  and  100  cc.  of  phenol- 
sulphonephthalein  injected  by  graWty.  The  output  the  first, 
second,  third,  fourth  and  fifth  hour  was  but  a  trace  at  each 
reading.  This  dog  also  continued  to  secrete  the  dye  at  this  slow 
rate  for  the  next  thirty  days,  at  which  time  he  was  killed  and 
autopsied.  A  large  hydronephrosis  containing  400  cc.  of  urine 
was  found.  This  urine  contained  phenolsulphonephthalein  in 
appreciable  amounts.  The  pressure  in  the  hydronephrotic  sac 
was  130  mm.  of  water.  The  kidney  was  entirely  destroyed  and 
only  a  thin  walled  sac  remained.  The  wall  of  the  hydrone- 
phrotic sac  was  composed  almost  entirely  of  fibrous  tissue,  as 
is  the  case  in  long  standing  hydronephroses,  where  the  renal 
parenchyma  is  destroyed  by  pressure  atrophy.  It  should  be 
noted  that  when  the  sac  was  emptied  at  operation,  it  was  not 
possible  to  replace  by  gravity  as  much  fluid  as  was  withdrawn. 

It  is  evident  that  the  prolonged  secretion  was  due  to  the  slow 
absorption  of  the  dye  owing  to  its  dilution  by  the  urine  in  the 
hydronephrotic  sac,  the  remaining  renmants  of  renal  tissue  con- 
tinuing to  secrete  against  increasing  pressure  for  a  long  time. 

In  experiment  9,  dog  5,  there  was  found  a  large  hydroneph- 
rosis of  twenty-four  days  duration.  Thirty-four  cubic  centi- 
meters of  infected  urine  was  ^^•ithdrawn  and  22.5  cc.  of  standard 
solution  of  phenolsulphonephthalein  was  injected  by  gra\dty 
and  150  cc.  normal  salt  solution  given  subcutaneously.  The 
output  for  the  first  hour  was  only  a  trace,  for  the  second  hour 
1  per  cent,  for  the  third  hour  1  per  cent,  and  for  the  fourth 
hour  1  per  cent.  This  dog  died  on  the  ninth  day  from  peritonitis 
following  rupture  of  the  sac. 
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INDIGO-CARMINE 

Phenolsulphonephthalein  is  not  the  only  soluble  dye  absorbed 
from  the  renal  pelvis  and  secreted  by  the  other  kidney.  Studies 
of  the  absorption  of  indigo-carmine  were  made  on  two  animals, 
in  one  of  which  the  syringe  was  used  and  in  the  other  instance 
the  gravity  method  of  injection. 

In  experiment  2,  dog  2,  1  cc.  of  4  per  cent  aqueous  suspension 
of  indigo-carmine  was  injected  into  the  pelvis  and  the  animal 
killed  in  one  and  one-half  hours  and  autopsied,  the  dye  having 
appeared  in  the  urine  coming  from  the  other  kidney.  Sections 
were  made  and  the  dye  found  in  both  kidneys  but  in  insufficient 
amounts  to  permit  its  path  to  be  traced. 

In  experiment  10,  dog  8,  0.3  cc.  of  4  per  cent  aqueous  suspen- 
sion of  indigo-carmine  was  injected  by  the  gravity  method  and 
the  dog  killed  in  three  hours  and  autopsied.  The  kidney  with 
the  Hgated  ureter  weighed  49  grams  and  the  opposite  one  29 
grams,  this  increase  in  weight  being  due  to  retained  urine  and 
congestion.  On  section  the  dye  was  found  in  small  amounts  in 
both  kidneys. 

INDIA   INK 

Failing  to  trace  the  path  of  absorption  by  the  use  of  indigo- 
carmine,  india  ink  was  used  in  a  series  of  nine  experiments,  the 
injection  being  made  by  gravity  in  seven  and  with  the  syringe 
in  two  instances.  In  all  of  these  animals  the  ureter  was  com- 
pletely ligated  before  the  ink  was  injected.  The  seven  animals 
were  killed  at  intervals  of  from  thirty  minutes  to  twenty-four 
hours  after  the  injection  and  autopsied  and  sections  were  made 
from  both  kidneys,  liver,  spleen,  lungs  and  pancreas.  These 
specimens  were  embedded  in  celloidin  and  the  section  stained 
with  eosin  alone,  so  as  to  ;•  void  confusing  any  granules  from  the 
stain  with  those  of  india  ink.  The  amount  of  ink  used  in  these 
experiments  varied  from  0.25  cc.  to  1  cc.  and  in  no  instance  was 
the  pelvis  forcibly  distended  with  the  solution.  In  every  case 
where  the  ink  was  absorbed  in  amounts  sufficient  to  permit  the 
tracing  of  its  course  through  the  absorbing  kidney  into  the  cir- 
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culation  and  through  the  normal  kidney,  its  presence  was  dem- 
onstrated in  the  other  organs  with  an  extensive  capillary  cir- 
culation, namely,  the  hver,  lungs  and  spleen. 

The  particles  of  ink  can  be  seen  distinctly  in  the  collecting 
tubules,  distal  convoluted  tubules,  ascending  and  descending 
limbs  of  the  loop  of  Henle,  proximal  convoluted  tubules,  the 
space  between  the  parietal  and  visceral  layers  of  Bowman's 
capsule  and  between  the  tufts  of  the  capillaries  of  the  glomeruU 
themselves.  Particles  of  ink  can  also  be  seen  in  the  capillaries 
of  the  glomeruU  and  in  the  other  vessels  of  the  kidney.  How- 
ever, their  appearance  in  these  latter  vessels  is  much  less  marked 
than  in  the  former.  In  the  normal  kidney,  the  particles  of  ink 
are  seen  mainly  in  the  renal  vessels  and  capillaries  of  the  glomer- 
uU, although  some  may  be  found  in  the  epitheUal  ceUs  of  the  con- 
voluted tubules  and  in  the  lumina  of  these  tubules.  These  facts 
seem  to  demonstrate  that  the  particles  of  ink  ascend  the  tubules 
of  the  absorbing  kidney,  enter  the  circulation  through  the  spaces 
between  the  endothelial  ceUs  of  the  capillaries  of  the  glomeruli, 
are  carried  by  the  blood  stream  to  the  other  organs  of  the  body 
and  are  secreted  by  the  other  kidney,  both  by  the  glomeruU  and 
the  epitheUal  ceUs  of  the  convoluted  tubules.  It  is  reasonaJ:)le 
to  suppose  that  if  particles  of  ink  can  travel  in  this  manner, 
bacteria  and  other  foreign  substances  can  do  Ukewise. 

CONCLUSIONS 

1.  Absorption  takes  place  from  the  renal  pelvis  after  complete 
Ugation  of  the  ureter. 

2.  Absorption  also  takes  place  from  the  renal  pehds  in  long- 
standing hydronephroses. 

3.  The  path  of  absorption  as  demonstrated  is  by  way  of  the 
tubules  and  through  the  capillaries  of  the  glomeruU. 

4.  The  rate  of  absorption  is  prolonged,  especiaUy  in  case  of 
hydronephrosis. 

5.  The  rate  of  absorption  during  the  first  twenty-four  hours  is 
frequently  the  same  in  long  standing  hydronephroses  as  in  the 
acutely  distended  pelvis. 
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PLATE  1 

Fig.  1.  Photomicrograph  showing  particles  of  India  Ink  ascending  the  lumina 
of  the  collecting  tubules  of  the  injected  kidney. 

Fig.  2.  Photomicrograph  showing  particles  of  India  Ink  ascending  the  lumina 
of  the  distal  convoluted  tubules,  the  ascending  and  descending  limbs  of  the 
Loop  of  Henle,  and  the  proximal  convoluted  tubules  of  the  injected  kidney. 
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PLATE  2 

Fig.  3.  Photomicrograph  showing  particles  of  India  Ink  in  the  space  between 
the  parietal  and  visceral  layers  of  Bowman's  Capsule  and  between  the  tufts  of 
the  capillaries  of  the  glomeruli  themselves  in  the  injected  kidney. 

Fig.  4.  Photomicrograph  showing  particles  of  India  Ink  in  the  glomeruli  and 
epithelial  cells  of  the  convoluted  tubules  of  the  opposite  kidney  to  the  one 
injected. 
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THE  USE  OF  A  PROVOCATIVE  VACCINE  IN  DETER- 
MINING THE  CURE  OF  GONORRHOEAE 
URETHRITIS^ 

GERALD  H.  PEARSON 
Capt.  C.  A.  M.  C,  Western  University,  London,  Ontario 

One  of  the  most  difficult  problems  which  is  encountered  in 
the  management  of  a  case  of  gonorrhoea  is  to  determine  when 
the  case  is  cured.  Not  only  is  this  important  from  the  stand- 
point of  the  patient  himself  but  the  evils  which  follow  in  the 
wake  of  an  uncured  case,  discharged  as  cured  and  affecting 
innocent  persons,  make  the  question  a  vital  one.  The  absence 
of  clinical  signs,  i.e.,  the  disappearance  of  the  discharge  and  the 
filaments  in  the  urine  does  not  prove  necessarily  that  a  cure 
has  taken  place,  for  this  evidence  is  frequently  falsified  by  the 
recurrence  of  the  discharge,  crowded  with  gonococci,  when  no 
fresh  exposure  has  occurred. 

A  number  of  tests  have  been  de\'ised  for  the  purpose  of  ex- 
cluding latent  disease  but  they  are  faulty.  The  usual  method 
adopted  is  to  take  the  patient  off  all  treatment  after  his  dis- 
charge has  disappeared  and  his  urine  has  been  clear  and  free 
from  all  filaments  for  a  week  to  ten  days;  give  him  some  heavy 
work  or  exercise  for  several  days  and  if  there  is  no  recurrence  of 
symptoms,  massage  the  seminal  vesicles,  prostate,  and  Cow- 
per's  glands  and  examine  the  expressed  secretion  microscopically, 
a  smear  being  taken  from  the  urethra  the  following  morning. 
If  the  findings  are  negative  for  pathological  elements  and  there 
is  no  recurrence  of  symptoms  within  the  next  three  days  a  large 
sound  is  passed.  If  the  smear  taken  the  next  morning  is  nega- 
tive for  the  gonococcus,  as  soon  as  any  irritation  that  the  sound 
may  have  produced  has  subsided,  the  patient  is  told  he  is  cured. 

^  Report  No.  7,  Gonorrhea  Service,  Canadian  Hospital,  Etchinghill,  England. 
Preliminary  report  of  100  cases. 
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Any  one  who  ha?  treated  a  number  of  cases  of  gonorrhoea  will 
readily  acquiesce  in  the  statement  that  this  method  at  best  is 
fallacious.  Witness  the  number  of  relapses  that  supervene  and 
try  the  patience  of  the  surgeon  and  the  confidence  of  the  patient 
in  his  medical  advisor.  Even  if  the  urine  passed,  after  the  pros- 
static  massage  and  containing  the  prostatic,  vesicular  and  Cow- 
pral  secretions,  and  the  secretion  from  the  posterior  urethra  is 
centrifuged  and  cultured  the  difficulty  of  growing  the  gonococcus 
is  so  great  that  a  negative  result  is  unreliable.  Making  a  cysto- 
urethroscopic  examination  of  whole  genito-urinary  tract  is  also 
not  final  for  I  have  seen  urethrae  apparently  normal  in  which 
later  there  has  been  a  relapse  with  all  the  symptoms  of  a  specific 
urethritis. 

Several  other  means  have  been  devised  to  produce  an  irrita- 
tion whereby  the  deeply  implanted  gonococci  will  be  carried 
into  the  lumen  of  the  urethra  with  an  exacerbation  of  symptoms 
and  the  appearance  of  the  organism  in  a  smear.  The  imbibi- 
tion of  alcohol,  sexual  intercourse  with  a  condom  and  the  injec- 
tion of  silver-nitrate,  1-500  are  the  most  commonly  used.  The 
first  two  are  impracticable  in  the  army  and  are  not  to  be  lightly 
recommended  in  private  practice  on  account  of  the  unfortunate 
results  that  may  follow.  The  injection  or  irrigation  with  silver 
nitrate  is  perhaps  to  date  the  most  reliable  test  but  there  are 
grave  objections  to  its  use.  The  urethra  is  already  irritated 
sufficiently  by  treatment  and  by  its  struggle  with  the  gonococcus 
and  to  place  upon  the  newly  recovered  tissue  the  strain  of  com- 
bating a  strong  chemical  irritant  may  do  more  harm  than  good. 
If  the  case  is  cured  of  gonorrhoea  and  the  smear  remains 
negative  for  the  organism,  the  urethra  has  to  recover  from  its 
chemical  inflammation.  Should  the  case  be  only  apparently 
cured,  the  urethra  will  have  to  contend  with  a  re-infection  super- 
imposed upon  a  damaged  mucous  membrane  and  this  will  make 
the  relapse  more  difficult  to  treat. 

For  some  time  it  has  been  known  that  an  injection  of  a  gono- 
coccus vaccine  has  an  effect  in  altering  the  clinical  symptoms. 
Following  such  an  injection  the  added  endotoxin  is  too  much 
for  the  defensive  immunity  produced  by  the  body  against  the 
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original  infection  so  that,  for  the  time  being,  the  defenses  are 
overwhelmed.  Resistance  is  lowered  and  the  gonococcus  is 
enabled  to  proliferate  in  peace.  This  negative  phase  lasts 
forty-eight  to  seventy-trv^o  hours  and  is  followed  by  a  positive 
phase  in  which  the  defenses  of  the  body  are  stimulated  and 
produce  sufficient  antibodies  to  neutralize  the  added  toxin  plus 
the  toxin  absorbed  from  the  original  infection.  During  the 
negative  phase  should  any  gonococci  be  hidden  in  the  depth  of 
the  tissue  they  wdll  grow  and  probably  break  through  to  the 
surface  of  the  mucous  membrane. 

In  the  combat  between  the  gonococcus  and  the  body  the  pro- 
motion of  free  drainage  of  the  urethra  and  its  glandular  struc- 
tures and  the  production  of  congestion  whereby  the  bactericidal 
substances  of  the  blood  are  marshalled  to  the  point  of  invasion 
are  valuable  aids  in  the  treatment.  The  adoption  of  these 
measures  together  T\ith  the  maintenance  of  bodily  and  mental 
health  constitute  however  the  sum  total  of  our  present  therapy. 
The  gonococcidal  powers  of  the  body  are  the  first,  second  and 
third  line  of  defense  but,  as  the  defensive  powers  against  the 
invading  gonococci  are  strengthened  so  also  are  the  defensive 
powers  of  the  gonococci  against  the  body  fluids.  In  the  end  the 
body  prevails  but  deep  down  in  the  tissues  a  few  gonococci  may 
still  lurk,  practically  immune  against  the  resistance  of  the  host 
but  potentially  as  harmful  as  ever.  When  the  general  resist- 
ance is  lowered  they  may  burst  forth  into  the  urethra  and  a 
relapse  occurs.  While  they  are  latent  the  symptoms  and  signs 
of  the  disease  are  absent. 

Any  condition  tending  tolowerthe  specific  bodily  resistance  may 
cause  a  relapse  of  the  disease.  To  produce  this  a  single  injection 
of  a  potent  gonococcus  vaccine  has  been  recommended  by  several 
observers,  notably  McDonagh  (1)  and  Asch  (2).  The  former 
states  that  a  provocative  vaccine  will  alter  the  symptoms  either 
positively  or  negatively  but  that  the  test  is  unreUable.  The 
latter  uses  a  single  large  dose  and  follows  it  up  by  a  urethro- 
scopic  examination  to  discover  if  any  new  lesions  are  formed. 
Experimenting  with  a  single  large  dose  it  w^as  found  that  much 
depends  upon  the  acuteness  of  the  observer  and  for  that  reason 
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the  test,  as  a  general  routine,  is  unreliable.  It  was  observed, 
however,  that  smears  taken  on  the  three  or  four  mornings  follow- 
ing the  dose  of  vaccine  frequently  gave  a  result  positive  for  the 
gonococci  in  cases  apparently  cured.  If  a  single  dose  of  gono- 
coceus  vaccine  will  produce  a  negative  phase  of  sufficient  in- 
tensity to  enable  the  latent  gonococci  to  break  out  of  their 
hiding  places  and  re-infect  the  urethra  sufficiently  to  produce  a 
positive  smear,  it  is  reasonable  to  expect  that  if  the  specific 
resistance  be  lowered  still  further  the  same  result  can  be  ob- 
tained in  nearly  every  case.  To  do  this  the  most  advantageous 
method  appeared  to  be  to  give  a  dose  one  day  followed  by  a  dose 
the  next.  The  second  dose  would  still  further  increase  the 
negative  phase  produced  by  the  first  dose.  To  use  two  large 
doses  would  be  inadvisable  on  account  of  the  severe  general 
reaction  produced  and  the  possibility  of  extending  the  disease  to 
structures  not  already  involved. 

Consequently  it  was  decided  to  use  two  small  doses  on  suc- 
cessive mornings.  In  no  cases  did  the  vaccine  produce  a  general 
reaction  nor  was  any  discomfort  caused  to  the  patient  and  no 
complications  followed  its  use.  The  method  adopted  is  as  fol- 
lows: On  the  morning  of  the  first  day  a  dose  of  three  million  of 
polyvalent  gonococcal  vaccine  is  administered  subcutaneously 
and  at  the  same  time  the  seminal  vesicles,  prostate  and  Cow- 
per's  glands  are  thoroughly  massaged  to  liberate  any  toxins 
confined  in  them.  The  patient  is  then  instructed  to  hold  his 
water  from  midnight  of  that  night  until  a  smear  is  taken  the 
next  morning  and  to  do  the  same  for  each  successive  night  until 
four  smears  have  been  obtained.  On  the  morning  of  the  second 
day  a  dose  of  five  million  of  the  vaccine  is  administered.  Should 
the  case  still  be  infected  with  the  gonococcus,  a  positive  smear 
may  be  obtained  on  one  of  the  four  mornings.  Should  there  be 
no  infection  with  the  gonococcus  the  smear  will  remain  negative 
for  that  organism. 

One  hundred  consecutive  cases  are  tabulated  herewith.  Table 
1  deals  with  the  cases  which  have  a  positive  smear.  The  cases 
comprising  table  2  gave  negative  results.  As  these  cases  devel- 
oped positive  gonococcal  smears  at  no  subsequent  time  so  far  as 
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can  be  traced  to  date  they  may  be  considered  as  free  from  infec- 
tion at  the  time  of  the  administration  of  the  provocative  vaccine. 

The  preponderance  of  cases  giving  a  negative  result  over 
those  giving  a  positive  result  is  due  to  the  fact  that  practically 
all  these  cases  were  considered  to  be  clinically  cured  and  ready 
for  discharge  from  the  hospital.  The  positive  results  were  those 
cases  which  would  have  been  liable  to  relapse. 

The  four  unreliable  results,  i.e.,  smears  negative  after  prov- 
ocative vaccine  but  positive  at  some  later  date  without  rein- 
fection are  presented  in  more  or  less  detail.  A  reason  that  a 
satisfactory  result  was  not  obtained  in  these  cases  has  not  as 
yet  been  determined.  All  four  cases  were  atypical  in  character 
and  may  have  been  infected  by  a  strain  of  gonococcus  not  in- 
cluded in  the  vaccine.  A  comparison  of  columns  d  and  e,  table 
1  shows  that  besides  producing  a  positive  smear  the  provocative 
vaccine  usually  produces  a  distinct  alteration  of  symptoms  in 
the  uncured  cases.  To  judge  of  results  by  the  alteration  of 
symptoms,  however,  is  unreliable,  as  in  certain  cases  the  clin- 
ical symptoms  remain  unaltered  and  a  positive  smear,  swarming 
with  gonococci,  but  only  containing  a  few  pus  cells,  is  obtained. 

To  determine  whether  results  similar  to  those  obtained  by 
provocative  vaccine  occurred  in  the  course  of  the  ordinary  case, 
a  number  of  cases  have  had  a  smear  taken  every  morning  over  a 
period  of  time.  In  all  the  cases  of  this  series  when  the  smear 
remained  persistently  negative  a  positive  was  obtained  after  the 
provocative  injection.  A  urethroscopic  examination,  previous 
to  the  administration  of  the  provocative  vaccine,  in  those  cases 
which  gave  a  positive  smear  subsequent  to  its  use,  showed  an 
apparently  normal  urethra,  but  on  being  examined  again  on  the 
fourth  or  fifth  day  after  the  vaccine  showed  several  definite 
lesions  indicative  of  gonorrhoea. 

The  provocative  vaccine  is  not  only  useful  in  determining 
whether  a  patient  no  longer  is  infected  but  also  as  an  aid  to 
diagnosis  in  cases  resembling  non-specific  urethritis.  Used  for 
this  purpose  it  is  not  as  reliable  as  in  determining  when  a  case 
is  cured. 
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The  method  adopted  for  determining  a  cure  when  a  provoca- 
tive vaccine  is  used  is  as  follows: — \Mien  no  clinical  evidence  of 
the  disease  has  been  present  for  two  weeks  and  smears  are  nega- 
tive for  the  gonococcus  and  pus,  the  patient  is  taken  off  treat- 
ment. At  the  end  of  four  or  five  days  he  receives  a  careful 
massage  of  prostate,  seminal  vesicles  and  Cowper's  glands  and 
a  provocative  vaccine.  If  all  four  smears  are  negative  a  sound 
is  passed.  Should  there  be  no  return  of  symptoms  he  is  con- 
sidered cured.  Should  the  smears  be  negative  but  should  a 
slight  recurrence  of  the  symptoms  appear,  it  is  ad\asable  to  keep 
him  under  observation  until  this  has  subsided.  In  civilian 
practice  or  where  sufficient  laboratory  facilities  are  available  in 
the  Army  a  more  thorough  method  should  be  adopted.  The 
urine  passed  each  morning  after  the  smear  is  taken  should  be 
centrifuged  and  examined  microscopically  or  cultured.  Instead 
of  the  passage  of  a  sound  a  complete  cystourethroscopic  exami- 
nation should  be  made.  If  all  these  tests  prove  negative  the 
patient  should  be  pronounced  cured  and  fit  to  marry. 

Histories  of  four  cases  which  gave  negative  smears  after  provocative  vaccine 
hut  which  subsequently  gave  a  positive  smear 

Case  1.  Private  A.  Admitted  on  93d  day  of  disease  as  a  relapse 
with  both  gonorrhoea  and  syphilis.  Smear  and  fixation  both  positive. 
Urethritis  complicated  by  prostatitis,  littritis  and  multiple  papil- 
lomata.  Developed  cystitis.  Last  positive  smear  previous  to  admin- 
istration of  vaccine  on  217th  day  of  disease.  Subsequently  he  received 
a  course  of  vaccine  treatment  with  a  stock  polyvalent  vaccine,  the 
course  ending  on  274th  day.  Previous  to  the  administration  of  the 
course  of  vaccine  the  fixation  test  taken  at  irregular  intervals,  gave  the 
following  results:  -\-  neg.,  -|-,  neg.,  +  neg.,  but  subsequently  it  was  ++. 
On  296th  day  of  disease  the  provocative  vaccine  was  administered 
with  the  followiag  smears:  (1)  Gonococci  neg.,  pus  neg.  epith.  neg., 
org.  neg.  (2)  Gonococci  neg.,  pus  neg.,  epith.  +,  org.  neg.  (3) 
Gonococci  neg.,  pus  neg.,  epith.  -|-,  org.  neg.  (4)  Gonococci  neg. 
pus  +,  epith.  -I-,  org.  neg. 

On  the  318th  day  after  an  injection  of  1-10,000  silver  nitrate  the 
smear  was  gonococci  +,  pus  -\--\-.  Since  that  time  he  has  had  one 
positive  smear. 
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The  alteration  in  the  complement  fixation  would  make  it  appear 
that  the  body  was  not  reacting  well  to  the  disease.  The  course  of 
vaccine  treatment  may  have  had  something  to  do  with  the  unreliable 
results  obtained. 

It  is  possible  that  if  smears  had  been  taken  after  the  administration 
of  provocative  vaccine  a  positive  result  might  have  been  obtained. 

Case  2.  Private  C.  Admitted  on  676th  day  of  the  disease  with  a 
relapse.  Smear  positive.  Complement  fixation  positive  +  +  +  . 
Prostatitis  and  stricture  of  the  penile  urethra.  Last  positive  smear 
733d  day.  Provocative  vaccine  administered  764th  day.  Smears  as 
follows:  (1)  Gonococci  neg.,  pus  neg.,  epith.  +,  org.  neg.  (2)  Gono- 
cocci  neg.,  pus  neg.,  epith.  +,  org.  neg.  (3)  Gonococci  neg.,  pus  neg., 
epith.  neg.,  org.  neg.  (4)  Gonococci  neg.,  pus  +  +  +  ,  epith.  +,  org. 
neg. 

The  next  positive  smear  on  the  802d  day  following  dilation  of  the 
stricture.     No  positive  smear  since. 

Case  3.  Private  C.  R.  J.  Admitted  on  the  37th  day  of  disease  as 
transfer  from  another  hospital.  Smears  negative.  Fixation,  nega- 
tive. Clinical  S3TTiptoms  very  slight.  Slight  prostatitis.  Provo- 
cative vaccine  administered  75th  day.  Smears  as  follows: — (1)  Gono- 
cocci neg.,  pus  neg.,  epith.  +,  org.  neg.  (2)  Gonococci  neg.,  pus  neg., 
epith.  neg.,  org.  neg.  (3)  Gonococci  neg.,  pus  neg.,  epith.  +,  org.  neg. 
(4)  Gonococci  neg.,  pus  +  +  ,  epith.  +  +  ,  org.  neg. 

Case  4'  Corporal  E.  Admitted  on  the  34th  day  after  exposure, 
with  syphilis.  Received  two  injections  of  "606"  and  one  of  mercury. 
On  8th  day  in  hospital  developed  urethral  discharge  making  an  incu- 
bation period  of  41  days!  Smears  negative.  Fixation,  negative. 
Provocative  vaccine  administered  on  7th  day  of  discharge.  Smears 
as  follows:  (1)  Gonococci  neg.,  pus  neg.,  epith.  neg.,  org.  neg.  (2) 
Gonococci  neg.,  pus  neg.,  epith.  neg.,  org.  neg.  (3)  Gonococci  neg., 
pus  neg.,  epith.  neg.,  org.  neg.  (4)  Gonococci  neg.,  pus  +,  epith. 
neg.,  org.  neg.  about  a  week  subsequent  of  this  date  a  smear  was 
taken  every  day.  These  smears  showed  pus  and  secondary  organisms 
until  the  62d  day  of  the  discharge,  when  with  no  alteration  in  treatment 
the  smear  showed  gonococci  +,  pus  +  +  ,  epith.  +  +  ,  org.  neg. 

CONCLUSIONS 

1.  The  provocative  vaccine  gives  a  reliable  result  in  96  per 
cent  of  cases  when  used  by  the  above  method.     It  should  not  be 
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relied  upon  solely,  but  should  be  used  in  conjunction  with  other 
routine  tests. 

2.  Besides  being  valuable  to  determine  when  a  case  is  cured, 
it  is  useful  to  differentiate  between  specific  and  non-specific 
urethritis. 

3.  Its  use  renders  unnecessary  the  irritation  of  the  urethra 
produced  by  strong  provocative  injections  of  chemicals. 

4.  The  above  technique  is  particularly  adapted  to  Army 
treatment  as  it  is  a  safe,  rapid  and  comparatively  reliable  method 
of  determining  cure. 
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THE  REMOTE  EFFECTS  OF  ABSORPTION  OF  URINE 

FROM  THE  COLON:  A  CASE  OF  TRAUMATIC 

UNILATERAL  URETERO-INTESTINAL 

ANASTOMOSIS 

ARTHUR  B.  CECIL  and  ROLAND  S.  CUMMINGS 
From  the  Hospital  of  the  Good  Samaritan,  Los  Angeles 

In  uretero-intestinal  anastomosis  the  problems  which  have 
been  given  the  most  consideration  are  the  possibihty  and  efifect 
of  ascending  renal  infection,  the  prevention  of  hydronephrosis 
and  the  practicability  of  utiUzing  the  large  bowel  as  a  urinarj^ 
reservoir.  Very  little  consideration  has  been  given  to  the  remote 
effect  on  the  body  of  the  prolonged  absorption  of  urinary  prod- 
ucts from  the  bowel. 

Operations  of  implanting  the  ureter  into  the  bowel  are  becom- 
ing more  and  more  practicable.  Much  credit  is  due  to  Coffey 
for  the  development  of  the  modem  technique  to  offset  the  here- 
tofore extremely  dangerous  immediate  complications  of  ascend- 
ing renal  infection  and  the  somewhat  less  immediate  compUca- 
tions  of  occlusion  of  the  ureter  and  secondary  hydronephrosis. 
From  a  technical  standpoint  the  implantation  of  the  ureter  into 
the  bowel  is  an  accompUshed  surgical  procedure. 

A  review  of  the  whole  subject  seems  warranted  to  determine 
what  has  been  heretofore  more  or  less  disregarded,  that  is,  as  to 
what  effect  on  the  body  this  diversion  of  the  urinary  stream  into 
the  intestinal  tract  is  going  to  have.  We  have  approached  the 
subject  by  reviewing  the  work  which  has  been  done  on  animals, 
by  investigating  the  cases  of  congenital  anastomosis  between 
the  ureter  and  bowel  and  by  reviewing  the  clinical  cases  of 
uretero-intestinal  anastomosis  in  man  which  have  lived  for  any 
considerable  length  of  time. 

We  have  been  prompted  in  carrying  out  this  investigation  by 
a  most  interesting  case,  a  case  which  so  far  as  we  have  been  able 
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to  learn  is  unique  in  as  much  as  an  uretero-intestinal  anastomosis 
resulted  from  traumatism. 

ANIMAL  EXPERIMENTS 

The  literature  has  been  gone  over  very  carefully  from  the 
first  uretero-intestinal  anastomosis  done  by  Gluck  and  Zeller 
in  1881  until  the  present  time.  Practically  all  the  experimenters 
have  been  concerned  primarily  with  the  development  of  a  tech- 
nique for  the  implantation  of  the  ureter  into  the  intestine.  Ac- 
cording to  Steinke,  who  in  1909  reviewed  the  literature  of  a 
hundred  and  thirty-four  bilateral  implantations,  there  was  an 
immediate  mortality  rate  of  87  per  cent  while  in  seventy-seven 
unilateral  implantations  there  was  a  mortality  rate  of  60  per 
cent.  The  longest  term  of  life  which  we  have  found  recorded 
has  been  about  two  years.  This  rather  brief  term  of  life  was 
not  necessarily  dependent  upon  any  ill  consequences  from  the 
uretero-intestinal  anastomosis  but  most  of  the  animals  were 
autopsied  to  determine  what  had  been  the  result  of  various 
types  of  implantations.  From  a  review  of  these  earlier  experi- 
ments there  is  nothing  of  value  to  be  learned  as  to  the  remote 
effects  on  the  body  of  the  absorption  of  urine  from  the  intestinal 
tract. 

The  recent  work  of  Baird,  Scott  and  Spencer  in  this  connec- 
tion is  interesting.  According  to  these  experimenters  if  the 
ureter  be  implanted  into  the  intestine  through  a  natural  duct, 
hydronephrosis  will  not  result  nor  will  ascending  infection  take 
place.  They  therefore  implanted  the  right  ureter  into  the 
duodenum  through  one  of  the  pancreatic  ducts  in  dogs.  A 
number  of  experiments  were  conducted  and  the  right  kidney  in 
all  of  these  cases  seemed  to  preserve  its  functional  capacity. 
In  order  to  determine  what  effect  upon  the  body  from  absorption 
of  urine  from  the  upper  intestinal  tract  might  have,  they  re- 
moved the  left  kidney  in  animals  in  from  four  to  six  weeks  after 
the  implantation  of  the  right  ureter  through  the  pancreatic  duct. 
It  was  found  that  in  forty-eight  hours  the  dogs,  which  had  pre- 
viously been  well,  now  showed  nausea,  vomiting,  gradual  loss 
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of  appetite,  rapid  emaciation,  gradually  sinking  into  a  stuporous 
condition  and  dying  in  a  comatose  state  in  from  five  to  seven 
days.  Autopsy  showed  that  death  was  not  due  to  destruction 
of  the  right  kidney  and  they  concluded  that  the  substances  in 
the  urine  which  when  retained  give  rise  to  the  symptoms  of 
nephritis,  can  be  absorbed  from  the  intestine  and  that  whatever 
these  substances  are,  they  are  taken  into  the  blood  from  the 
intestinal  tract  unchanged  in  their  passage  through  the  intestinal 
mucosa.  They  concluded  that  the  entire  urinary  output  cannot  be 
drained  into  the  upper  intestinal  tract  as  the  absorption  gives 
toxic  symptoms  ending  in  death  usually  within  twelve  days. 

CONGENITAL  CASES   OF   URETERS   OPENING   INTO   THE   BOWEL 

The  splendid  work  of  Prof.  George  S.  Huntington  on  the 
genetic  interpretation  of  variations  of  the  genito-urinary  tract 
has  pointed  out  that  the  gross  anomalies  of  the  kidney  and 
ureter  met  with  in  adults  are  explained  by  the  occurrence  of 
very  minor  disturbances  in  the  normal  processes  of  development, 
and  that  from  a  knowledge  of  the  development  of  the  genito- 
urinary tract  one  can  predict  the  possible  variations  to  be 
encountered  in  postnatal  life.  From  a  study  of  early  human 
embryos  it  is  not  difficult  to  understand  that  in  the  early  stages, 
shortly  after  the  Wolffian  duct  has  joined  the  cloaca,  that  the 
descent  of  the  lateral  folds  which  divide  the  cloaca  into  the 
bladder  and  intestine  might  take  place  at  such  a  position  as  to 
throw  the  common  orifice  of  the  Wolffian  duct  and  ureter  into 
the  dorsal  division,  or  the  ureter  alone  into  the  dorsal  division 
and  thus  produce  an  anomaly  in  which  the  ureter  opens  into 
the  large  bowel.     Such  conditions  have  been  actually  observed. 

Gerster  has  reported  a  case  of  a  child  dying  shortly  after  birth 
in  which  autopsy  revealed  the  insertion  of  the  left  ureter  into 
a  blindly  opening  rectum.  The  left  kidney  and  ureter  showed 
dilatation. 

Oberteufer  and  Revolet  have  reported  a  case  of  an  abnormal 
fetus  with  both  ureters  opening  into  the  rectum. 

Tn  the  year  of  1713,  Richardson  reported  an  interesting  case 
in  which  a  boy  lived  ''Till  he  was  seventeen  years  of  age  and 
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never  made  water,  and  yet  was  very  healthy,  vigorous  and 
active.  He  had  constantly  diarrhea  on  him  but  without  much 
uneasiness.  The  obstruction  must  have  been  in  the  kidneys  for 
he  never  had  any  inclination  to  make  water.     He  died  of  a  fever." 

CLINICAL    CASES    OF    URETERO-INTESTINAL   ANASTOMOSIS    IN    MAN 

The  first  attempt  to  divert  the  urinary  secretion  into  the  bowel 
was  made  by  Simon,  in  1851.  He  reasoned  that  in  reptiles 
and  birds  the  genito-urinary  and  digestive  tracts  ended  in  a 
common  cloaca  and  that  therefore  there  was  no  reason  why 
this  anatomical  arrangement  should  be  incompatible  with  life 
in  man.  This  operation  was  performed  on  a  thirteen-year  old 
boy  for  exstrophy  of  the  bladder.  The  patient  died  twelve 
months  after  operation.  Both  ureters  were  obstructed  by 
calculi  and  the  ureters  and  kidneys  were  seriously  diseased. 
The  operations  which  immediately  followed  Simon's  work  are  of 
little  or  no  importance  for  the  subject  under  consideration  in  as 
much  as  the  postoperative  term  of  life  was  extremely  short. 

In  1892  Chaput  united  the  right  ureter  to  the  rectum  in  a 
case  of  uretero-vaginal  fistula.  This  patient  was  reported  living 
and  her  ''health  very  satisfactory"  eight  years  after  operation 
and  the  ureter  on  the  side  of  the  anastomosis  was  evidently 
draining  as  at  that  time  there  were  three  liquid  evacuations  in 
twenty-four  hours  from  the  bowel. 

Chalot  in  1896  did  a  bilateral  uretero-rectal  anastomosis  in 
which  he  removed  the  ureters  for  carcinoma  of  the  uterus. 
This  patient  was  reported  living  and  well  one  year  after  operation. 

Fowler  in  1896  operated  upon  a  boy  of  six  for  exstrophy  of 
the  bladder.  This  patient  lived  to  adult  life  and  was  then  lost 
sight  of. 

In  a  summary  in  1901  of  the  cases  which  he  was  able  to  collect 
■of  uretero-intestinal  anastomosis  by  the  Madyl  operation  by 
Reuben  Peterson  of  Chicago  found  nineteen  cases  Uving  and  well 
at  the  end  of  one  year.  Ten  cases  were  living  and  well  at  the  end 
of  two  years;  seven  cases  after  three  years;  four  after  four  years, 
while  one  case  was  living  and  well  at  the  end  of  seven  years. 
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Keen  in  1875  operated  upon  a  woman  thirty-four  years  of  age 
for  vesico-vagino-rectal  fistula.  He  closed  completely  the 
vulval  opening  so  that  the  patient  defecated,  menstruated  and 
micturated  entirely  per  rectum.  This  patient  was  in  perfect 
health  twenty-two  years  after  the  operation. 

Mayo,  in  an  article  on  ''Exstrophy  of  the  bladder,"  published 
in  December  1917,  states  that  since  1896,  thirty-seven  patients 
have  been  seen  with  exstrophy  of  the  bladder.  Sixteen  of  these 
were  operated  upon  with  the  idea  of  diverting  the  urinarj'-  stream 
into  the  colon.  Of  these  sixteen  cases  three  were  operated  by 
the  Madyl-Monohan  method  with  two  deaths  from  uremia. 
The  remaining  thirteen  cases  were  operated  by  the  transplanta- 
tion method  with  one  operative  death.  This  leaves  twelve 
cases  which  survived  the  operation  by  the  transplantation 
method.  One  died  from  pneumonia  three  weeks  after  leaving 
the  clinic;  one  three  years  after  the  operation  from  pulmonary 
tuberculosis  and  another  three  years  after  the  operation  from 
typhoid  fever,  thus  leaving  for  study  as  the  remote  effects  of 
the  absorption  of  urine  ten  cases.  Nine  were  operated  by 
the  transplantation  method  and  one  by  the  Madyl-Monohan 
method.  Mayo  states  that  the  children  operated  upon  were 
all  able  to  go  to  school  and  that  the  older  ones  are  all  working. 
One  young  woman  has  finished  a  three  years  course  in  nursing. 

The  follomng  case  would  seem  to  throw  considerable  light 
upon  the  subject  of  the  remote  effects  of  the  prolonged  absorp- 
tion of  urine  on  the  body  from  the  intestine  in  as  much  as  for 
twenty  years  urine  has  been  diverted  from  the  left  kidney  into 
the  bowel  and  because  it  is  an  example  of  unilateral  anastomosis 
between  the  ureter  and  colon.  The  case  is  unique  and  interest- 
ing in  that  this  anastomosis  was  produced  by  trauma  and  not 
made  intentionally.  It  offers  points  of  great  interest  in  that 
unilateral  anastomosis  is  rarely  if  ever  indicated,  one  preferring 
to  do  a  nephrectomy  rather  than  subject  a  patient  to  the  greater 
danger  of  unilateral  uretero-intestinal  anastomosis. 

In  bilateral  implantations  of  the  ureter  into  the  bowel,  the 
late  chnical  picture  of  deterioration  of  the  general  health  might 
be  ascribed  to  bilateral  infection  of  the  kidney  or  to  gradual 
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destruction  of  the  kidney  by  hydronephrosis.  So  that  this 
case  being  unilateral  with  a  functioning  kidney  on  the  opposite 
side  is  of  particular  interest  in  that  it  presents  a  picture  which  is 
in  all  probability  due  to  the  direct  effects  of  absorption  of  urine. 

Mrs.  A.  G.  W.  aged  forty-seven,  married,  was  first  seen  for  urological 
examination  on  August  24,  1917.  She  complained  of  very  frequent 
urination,  pain  at  the  mouth  of  the  bladder,  blindness  in  the  left  eye, 
very  marked  impairment  of  vision  in  the  right  eye,  severe  headaches 
and  general  weakness.  As  a  child  she  was  not  strong  and  when  eight 
years  of  age  she  was  taken  to  a  physician  because  of  attacks  of  pain 
in  the  lower  abdomen.  Menstruation  began  at  the  age  of  eleven, 
the  pain  becoming  much  more  intense  during  the  menstrual  periods. 
She  usually  menstruated  for  two  weeks  and  at  times  for  as  long  as 
three  and  one  half  months.  When  she  was  eighteen  years  of  age  a 
dilitation  and  curettage  was  carried  out  with  the  idea  that  this  might 
relieve  the  pain  accompanying  menstruation.  She  was  married  at 
nineteen.  Shortly  after  marriage  she  was  again  curetted  because  of 
menstrual  pain  and  the  year  following  the  operation  was  again  carried 
out  and  apparently  gave  temporary  relief.  She  has  never  been  preg- 
nant. She  was  again  curetted  at  the  age  of  twenty-seven  and  exami- 
nation at  this  time  revealed  a  mass  in  the  left  side.  At  operation  an 
infected  cystlike  tumor  was  found  in  the  left  side.  This  was  adherent 
to  the  intestines  and  bladder.  A  tumor  of  the  right  ovary  was  re- 
moved. Following  operation  she  was  extremely  ill,  her  temperature 
at  times  reaching  106.  After  two  months  urine  and  feces  were  dis- 
charged from  the  abdominal  wound  and  three  weeks  later  urine  was 
passed  per  rectum.  When  urine  commenced  to  be  passed  by  way  of 
the  bowel  it  ceased  coming  through  the  abdominal  wound  but  this 
did  not  close,  fecal  matter  continuing  to  be  discharged  through  it. 
At  times  gas  would  be  passed  per  urethram  at  the  end  of  urination. 
Seven  months  after  the  first  operation  she  was  again  operated  upon 
and  the  abdominal  wound  closed  but  urine  continued  to  be  passed  per 
rectum.  Recently  following  a  phthalein  test  the  dye  was  found  in 
the  stool.  Since  the  laparotomy  she  has  had  pain  in  the  left  upper 
back  in  the  region  of  the  left  kidney. 

In  May,  1915,  she  suffered  from  a  severe  attack  of  right  lower 
abdominal  pain  accompanied  by  fever  and  was  operated  upon  for 
appendicitis.  The  following  year  there  was  a  right  retinal  hemorrhage 
to  be  followed  recently  by  another  hemorrhage  on  the  same  side. 
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There  has  been  some  swelling  of  the  ankles  and  a  hacking  cough  since 
December,  1914,  but  no  dyspnea.  Severe  and  prolonged  headaches 
confined  chiefly  to  the  occipital  region  have  not  been  infrequent. 

In  June,  1916,  she  suffered  from  a  very  severe  attack  of  left  renal 
coHc  and  another  attack  in  August  of  the  same  year.  During  these 
attacks  the  urine  contained  blood  and  pus.  In  May  of  the  following 
year  the  blood  pressure  which  had  been  195  dropped  to  120  and  the 
pulse  rate  increased  to  170,  Following  this  the  bladder  symptoms 
recurred,  urination  was  frequent  and  painful  and  there  was  hematuria. 

Upon  examination  on  June  28,  1915,  the  cardiac  dullness  was  shghtly 
increased  to  the  left  and  a  rather  rough  systohc  murmur  not  trans- 
mitted to  the  axiUa,  was  heard  at  the  apex.  The  systohc  blood  pres- 
sure was  155  and  the  diastoUc  100.  The  radial  vessels  were  moder- 
ately sclerotic  and  the  lower  extremities  showed  considerable  pitting. 
Except  for  tenderness  in  the  right  inguinal  region,  the  abdominal 
examination  was  negative. 

Urine:  twenty-four  hour  specimen;  amount,  1000  cc,  specific 
gravity  1.010;  acid  reaction,  albumin  present;  no  casts  seen,  a  few  pus 
cells. 

Phenolsulphonphthalein  test:  Intramuscular  injection  of  6  mgm. 
Total  elimination  for  two  hours  and  ten  minutes  65  per  cent.  (Separate 
hour  determinations  were  not  made.) 

Blood  nitrogen:  43  mgm.  to  100  cc.  of  blood. 

A  tabulation  of  urine  notes  while  under  medical  care  are  given 
below  together  with  the  tabulation  of  blood  nitrogen  and  of  blood 
pressure. 

July  16,  1915.  Twenty-four-hour  specimen  amount,  3000  cc; 
specific  gravity  not  recorded,  but  was  low. 

November  11,  1916.  Twenty-four-hour  specimen  amount  2500  cc; 
shghtly  acid;  trace  of  albimain;  occasional  hyaline  cast. 

May  17,  1917.  Amount  2400  cc,  specific  gravity  1.006;  strongly 
alkaline;  trace  of  albumin. 

July  12,  1917.  Twenty-four-hour  specimen;  2400  cc;  feebly  alka- 
line, specific  gravity  1.006. 

July  26,  1917.  Twenty-four  specimen;  amount  1440  cc;  alkaline, 
specific  gravity  1.006;  a  great  deal  of  pus. 

August  21,  1917.  Twenty-four  specimen;  amount  1600  cc;  specific 
gravity  1.004;  alkaline;  albumin  present;  hyahne  and  granular  casts 
present;  a  few  pus  cells. 
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Blood  nitrogen. 

July  10,  1915.     There  was  33  mgm.  to  100  cc.  of  blood. 

July  26,  1915.     There  was  35  mgm.  to  100  cc.  of  blood. 

August  5,  1915.     There  was  24  mgm.  to  100  cc.  of  blood. 

September  29,  1915.     There  was  22  mgm.  to  100  cc.  of  blood. 

November  12,  1915.     There  was  28  mgm.  to  100  cc.  of  blood. 

April  20,  1917.     There  was  24  mgm.  to  100  cc.  of  blood. 
Blood  pressure: 

July  23,  1915.     Blood  pressure  was  125  systolic  and  75  diastolic 

August  21,  1915.     Blood  pressure  was  115  systolic  and  85  diastolic. 

November  29,  1915.     Blood  pressure  was  100  systolic  and  70  dias- 
tolic. 

March  16,  1916.     Blood  pressure  was  135  systolic  and  80  diastolic. 

July  3,  1916.     Blood  pressure  was  170  systolic  and  105  diastolic. 

September  11,   1916.     Blood  pressure  was  195   systolic  and  12(j 
diastolic. 
(At  this  time  headaches  were  bad  and  patient  was  rather  dizzy.) 

November  13,   1916.     Blood  pressure  was  175    systolic  and  110 
diastolic. 

March  7,  1917.     Blood  pressure  was  175  systolic  and  110  diastohc. 

May  17,  1917.     Blood  pressure  was  130  systolic  and  90  diastolic. 

June  14,  1917.     Blood  pressure  was  170  systolic  and  110  diastolic. 

Functional  kidney  studies 
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Urological  examination  (Cecil)  August  24,  1917 


Catheterized  specimen  of  bladder  urine:  Clear  amber  color,  no 
albumin,  no  sugar,  few  pus  cells,  no  red  blood  cells,  few  hyaline  casts 
and  a  moderate  number  of  deeply  staining  large  bacilli. 

Cystoscopic  examination:  No  residual  urine.  Bladder  capacity 
60  cc.     Cystoscope  enters  with  ease.     Trigone  shows  bulbous  edema. 

Both  ureteral  orifices  are  normal  except  for  some  venous  engorge- 
ment about  the  right.     The  bladder   shows   fine    trabeculation   and 
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moderate  congestion.  At  the  vertex  and  a- little  to  the  left  of  the  mid- 
line the  bladder  seems  drawn  upward  and  to  the  left.  No  sinuses 
were  seen  in  the  bladder  anywhere.  Because  of  the  marked  pain  and 
irritability  of  the  bladder  whether  or  not  the  ureters  were  functionating 
normally  was  not  determined. 

August  27,  1917.  Voided  specimen  of  bladder  urine:  Clear  yellow 
color,  no  albumin,  no  sugar.  A  centrifuged  specimen  showed  a  few 
pus  cells,  a  few  hyaline  casts  and  many  epithelial  cells. 

Intramuscular  injection  of  6  mgm.  phenolsulphonphthalein :  Urine 
voided  after  seventy  minutes  contained  50  per  cent  of  the  dye.  Urine 
voided  after  second  period  of  sixtj'  minutes  contained  13  per  cent. 

Catheterized  specimen  of  bladder  urine:  Clear  yellow  color,  no 
albimiin,  no  sugar.  Centrifuged  specimen  showed  a  large  number  of 
heavy  staining  bacilli,  and  occasional  pus  cell  and  no  casts. 

September  5,  1917.  Cystoscopy  and  ureteral  catheterization: 
Both  ureteral  orifices  were  well  seen.  WTiile  there  was  nothing  par- 
ticularly abnormal  about  the  left  ureteral  orifice  and  while  it  definitely 
showed  peristaltic  action,  no  urine  was  seen  to  be  ejected  from  this 
orifice.  The  right  ureter  was  catheterized  easily  but  upon  attempting 
to  introduce  a  catheter  into  the  left  ureter  it  could  be  passed  for  only 
about  two  centimeters.  The  catheter  was  therefore  withdrawn  from 
the  left  ureter  and  a  small  rubber  catheter  passed  into  the  bladder  to 
collect  the  urine  from  the  left  side  transvesically.  Specimen  of  urine 
collected  from  the  right  ureteral  catheter:  clear  yellow  color,  no  albumin. 
Centrifuged  specimen  shows  an  occasional  epithelial  cell.  Xo  red 
blood  cells.  Xo  pus  cells.  Xo  infection.  Intravenous  injection  of 
6  mgm.  phenolsulphonphthalein :  Appeared  in  the  urine  from  the  right 
ureteral  catheter  in  three  minutes.  Urine  collected  from  this  catheter 
for  fifteen  minutes — 26  cc. — 30  per  cent  of  the  dye.  Urine  collected 
from  this  catheter  second  period  of  fifteen  minutes — 17  cc. — 17  per  cent 
of  the  dye.  During  this  period  of  thirty-three  minutes  no  urine  came 
through  the  urethral  catheter  which  was  put  into  the  bladder  to  collect 
the  functional  study  from  the  left  kidney  transvesically.  The  bladder 
was  irrigated  gently  with  a  small  amount  of  sterile  water  which  re- 
turned and  when  tested  for  phenolsulphonphthalein  showed  none. 

September  8,  1917.  Cystoscopic  examination:  Cystoscopic  picture 
of  the  bladder  wall  shows  the  same  marked  bulbous  edema  over  the 
trigone  as  noted  in  the  former  cystoscopic  study.  A  better  distension 
was  obtained  today  than  at  any  previous  examination  and  the  bladder 
was  studied  very  carefully  for  the  possibility  of  any  sinus  formations 
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but  none  was  seen.  The  right  ureteral  orifice  can  be  seen  ejecting 
urine  into  the  bladder  forcibly  and  rapidly.  On  the  left  side  the  ureter 
passes  through  the  bladder  wall  raising  it  in  the  formation  of  a  ridge 
and  this  ridge  undoubtedly  shows  occasional  peristaltic  movement  but 
close  and  prolonged  observation  of  this  ureteral  orifice  fails  to  show 
any  urine  being  ejected  into  the  bladder.  An  attempt  to  catheterize 
this  ureter  was  again  unsuccessful  today.  Catheter  seemed  to  pass 
for  about  2  cm.  and  was  then  obstructed.  On  the  right  side  the 
ureteral  catheter  was  easily  passed  for  about  8  cm.  A  thorough  study 
of  this  urine  shows  it  to  be  free  from  infection.  A  urethral  catheter 
was  again  introduced  into  the  bladder  today  to  repeat  the  functional 
study  of  September  5. 

Intravenous  injection  of  6  mgm.  phenolsulphonphthalein  appeared 
on  the  right  side  in  three  minutes.  First  fifteen  minute  collection — 
81  cc. — 30  per  cent  of  the  dye.  No  secretion  occurred  from  the  bladder 
catheter  during  this  time. 

September  9,  1917.  Patient  states  that  after  the  phenolsulphon- 
phthalein test  when  her  bowels  moved  the  red  dye  was  seen  in  the  bowel 
movement.  It  now  seemed  undoubtedly  proven  that  there  was  anasto- 
mosis between  the  left  ureter  and  the  colon  and  that  the  right  kidney 
was  free  of  infection  and  hypertrophied. 

X-ray  examination  of  both  kidneys  negative. 

Left  nephrectomy  (Cecil)  was  done  on  September  13,  1917.  After 
opening  the  renal  fossa  a  long  kidney  could  be  felt.  The  fat  was 
extremely  adherent  to  it.  The  kidney  was  difficult  to  draw  down  on 
account  of  adhesions  at  the  upper  pole.  On  palpation  it  was  irregular 
and  there  were  areas  of  softening  and  induration.  The  pelvis  was 
moderately  dilated  and  the  ureter  measured  1  cm.  in  diameter.  This 
ureter  was  followed  down  to  the  brim  of  the  pelvis  so  that  no  anas- 
tomosis with  the  bowel  occurred  to  this  point.  Patient  reacted  splen- 
didly following  the  operation.  Urine  was  voided  within  four  hours. 
Patient  was  discharged  from  the  hospital  on  the  twenty-fourth  day 
although  the  wound  had  healed  on  the  tenth  day. 

Note:  September  10,  1918,  Patient  seen  today  almost  one  year 
after  operation.  Her  health  has  steadily  improved.-  She  now  takes 
long  walks.  Appetite  and  digestion  are  good.  Suffers  very  slightly 
with  headaches.     Is  immensely  better  than  when  seen  one  year  ago. 

The  work  of  Baird,  Scott  and  Spencer 'has  shown  rather  con- 
clusively that  the  entire  urinary  output  cannot  be  diverted  into 
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the  upper  intestinal  tract  without  producing  fatal  results. 
Mayo  found  that  in  doing  ureteral  implantations  that  it  was 
preferable  to  implant  first  one  ureter  and  subsequently  the  other 
because  mental  apathy  came  on  after  the  diversion  of  the  uri- 
nary stream  into  the  lower  bowel.  He  states  that  this  condi- 
tion soon  passes  off. 

The  marked  toxic  symptoms  in  the  case  which  we  have  re- 
ported would  seem  to  us  in  a  large  measure  to  be  dependent 
upon  absorption  of  urine  from  the  colon  although  the  great 
improvement  following  the  left  nephrectomy  might  have  been 
somewhat  dependent  upon  the  removal  of  an  infected  kidney. 
It  has  not  been  our  experience  however  to  find  such  extreme 
toxic  symptoms  associated  with  unilateral  pyelonephritis. 

In  conclusion  the  work  of  Coffey  and  Mayo  has  demonstrated 
that  the  ureter  can  be  implanted  into  the  bowel  from  a  technical 
standpoint  and  that  the  diversion  of  the  urinary  stream  into 
the  lower  bowel  is  not  incompatible  with  rather  long  terms  of 
life.  It  would  seem,  however,  that  urinary  products  can  be 
absorbed  even  though  the  implantation  be  made  low  down  in  the 
large  bowel  and  that  the  prolonged  absorption  of  these  products 
may  eventually  produce  a  picture  not  unhke  chronic  nephritis. 
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CONCERNING  THE  ABSORPTION  OF  DRUGS  AND 

POISONS  FROM  THE  URETER  AND  PELVIS 
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From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  University  and  the 
James  Brichanan  Brady  Urological  Institute,  Baltimore 

In  the  two  preceding  communications  in  this  journal  (1,  2), 
the  author  has  discussed  the  question  of  absorption  of  drugs 
from  the  bladder  and  urethra  and  described  his  experiments  on 
the  subject.  It  was  shown  that  the  bladder  and  urethra  differ 
markedly  in  their  absorptive  power  for  drugs  and  poisons. 
Following  the  above  observations,  it  was  but  natural  to  inquire 
into  the  possibility  of  absorption  of  various  pharmacological 
agents  from  other  parts  of  the  urinary  tract.  Accordingly 
experiments  were  undertaken  to  determine  the  possibility  of 
absorption  and  the  degree  of  the  same  for  various  substances 
from  the  ureter  and  the  pelvis  of  the  kidney.  In  the  present 
paper  the  results  of  these  experiments  are  briefly  described. 

METHOD 

Absorption  of  drugs  from  the  ureter  was  studied  in  dogs. 
In  order  to  exclude  the  possibility  of  error  through  absorption 
through  other  channels  such  as  the  peritoneum  and  the  bladder, 
the  following  procedure  was  followed: 

An  incision  was  made  just  below  the  floating  ribs  and  the 
kidney  exposed.  A  glass  cannula  was  then  inserted  into  the 
ureter  just  below  the  kidney  pelvis  pointing  distalward.  A 
fine  ureteral  catheter  was  passed  through  the  ureter  from  above 
downward  and  its  insertion  in  the  bladder  located.  An  incision 
was  then  made  in  the  abdominal  wall  just  above  the  bladder 
and  another  cannula,  with  a  small  rubber  tube  attached,  was 
inserted  into  the  lower  end  of  the  ureter  pointing  upward.     Par- 
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ticular  pains  were  taken  to  ligate  the  cannulae  tightly  so  as  to 
prevent  leakage  of  the  perfusing  fluid.  The  whole  length  of  the 
ureter  was  thus  perfused  with  a  saline  solution  by  injecting  the 
fluid  under  low  pressure  into  the  upper  cannula  and  allowing 
the  solution  to  escape  from  the  lower  cannula  and  rubber  tubing 
without  coming  in  contact  with  the  peritoneum  or  entering  the 
bladder.  In  this  way  normal  physiological  saline  solutions  and 
saline  solution  containing  the  drug  to  be  studied  could  be  per- 


FiG.  1.    Absorption  of  Aconitin  Hydrochloride  from  Ureter  of  a  Dog 

Paraldehyde  anesthesia.  Ureter  perfused  from  above  downwards,  without 
the  solution  coming  in  contact  with  the  peritoneum  or  the  bladder.  Upper 
curve  =  respiratory  tracing.     Lower  curve  =  blood  pressure  tracing. 

fused  through  the  ureter  alone  and  the  absorption  of  drugs  or 
poisons  studied  at  ease. 

In  order  to  study  absorption  of  drugs  from  the  kidney  pelvis 
the  procedure  in  the  first  steps  was  the  same  as  above.  An  in- 
cision being  made  below  the  floating  ribs,  the  kidney  was  ex- 
posed and  its  pelvis  freed  from  surrounding  structures.  A  good 
sized  glass  cannula  was  then  inserted  into  the  pelvis  and  ligated 
pointing  upward  or  toward  the  kidney.  A  fine  ureteral  catheter 
was  then  inserted  inside  of  the  glass  cannula  and  the  perfusing 
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fluid  injected  through  the  fine  catheter.  A  drug  in  solution 
could  thus  be  brought  in  contact  with  the  pehis  of  the  kidney 
under  low  pressure  and  the  fluid  allowed  to  run  back  around 
the  catheter  through  the  glass  cannula  without  coining  in  con- 
tact with  the  peritoneum  or  surrounding  tissues. 


Fig.  2.    ABSOKP-nox  of  Cocain  Hydrochloride  from  Ureter  of  a  Dog 
Upper  curve  =  respiratory  tracing.     Lower  curve  =  blood  pressure  tracing. 


RESULTS 

In  order  to  determine  whether  drugs  could  be  absorbed  from 
the  organs  in  question  a  few  typical  bodies  were  experimented 
with,  the  ease  of  the  absorption  of  which  from  other  organs 
such  as  the  urethra,  the  vagina,  etc.,  had  already  been  studied. 
The  following  substances  were  used:  apomorphin,  aconitin,  co- 
cain, and  potassium  cyanid. 

The  effect  of  the  absorption  of  apomorphin  could  be  studied 
by  noting  retching  and  vomiting  movements  produced  by  its 
action  on  the  vomiting  centre.  It  was  actually  found  that  the 
perfusion  of  the  ureter  and  of  the  kidney  pelvis  with  a  solution 
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of  apomorphin  1  per  cent  under  very  little  pressure  did  produce 
vomiting  movements  in  an  anaesthetized  animal  thus  indicating 
the  absorption  of  the  alkaloid  through  the  walls  of  those  organs. 

The  absorption  of  potassium  cyanid  solution  1  per  cent 
through  the  walls  of  the  ureter  and  kidney  pelvis  could,  in  the 
same  way,  be  demonstrated  by  the  study  of  the  respiratory  and 
blood  pressure  curves. 

Absorption  of  cocain  hydrochloride  through  the  ureter  and  the 
pelvis  of  the  kidney  was  established  by  observing,  on  the  one 
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Fig.  3.    Absorption  of  ^conitin  Hydrochloride  from  Pelvis  of  Kidney 

IN  A  Doa 

Note  effect  on  respiration  and  blood  pressure 

hand,  the  effect  of  cocain  after  absorption  on  the  respiration  and 
the  blood  pressure  and,  on  the  other  hand,  its  convulsive  action 
on  the  central  nervous  system.  This  is  illustrated  by  the 
figure  2. 

Finally,  absorption  of  the  powerful  alkaloid  aconitin-hydro- 
chloride  was  very  easily  and  strikingly  shown  by  its  effect  on 
the  respiration  and  especially  on  the  heart  and  blood  pressure. 
The  accompanying  figures  illustrate  some  of  the  experiments 
which  were  performed. 
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SUMMARY 

It  is  thus  seen  by  the  study  of  aconitin,  cocam,  apomorphin 
and  potassium  cyanid  that  these  drugs  or  poisons  are  easily 
absorbed  through  the  walls  of  the  ureter  and  the  kidney  pelvis. 
Further  experiments  with  other  drugs,  in  view  of  these  striking 
results,  were  deemed  unnecessary.  The  above  findings,  it  may 
be  added,  are  not  only  of  theoretical  scientific  interest  but  are 
also  of  some  practical  importance  and  should  be  borne  in  mind 
by  the  practical  urologist  inasmuch  as  various  drugs  such  as 
silver  compoimds,  thorium,  etc.  are  introduced  into  these  organs 
for  diagnostic  and  therapeutic  purposes. 
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